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ABSTRACT
r i i o c . n e  v o lc a n ic  ; sh beds i n  t h e  B i t t e r r o o t  V a l le y ,  Montana 
were s t u d i e d ,  and an a t te m p t  was made to  c o r r e l a t e  th e  beds o v e r  
a l i m i t e d  a r e a .  R e f r a c t iv e  in d e x  and chem ical com position  o f  th e  
a sh  were d e te rm in e d ,  and th e  t h ic k n e s s e s  o f  th e  b e d s ,  m in e ra lo g y , 
g r a i n  s i z e ,  and d ia tom  p o p u la t io n s  were s tu d i e d .  None o f  th e  
t e c h n iq u e s  employed cou ld  be used  f o r  c o r r e l a t i o n  p u rp o se s ,
A second ary  s tudy  was made on th e  e f f e c t s  o f t h e  a sh  on th e  
im m ed ia te ly  u n d e r ly in g  c la y  m in e r a l s .  A p p a ren t ly  m o n tm o r i l lo n i te  
i s  b e in g  a l t e r e d  t o  i l l i t e ,  a l th o u g h  t h i s  i s  n o t  n e c e s s a r i l y  a 
s im p le  a l t e r a t i o n ,
A c c re t io n a ry  l a p i l l i  i n d i c a t e d  a l o c a l  sou rce  f o r  th e  a s h .  The 
so u rce  o f  t h e  a sh  was most p ro b a b ly  a s s o c i a t e d  w ith  some l a t e  T e r t i ­
a r y  r h y o l i t i c  e x t r u s iv e s  found in  t h e  B i t t e r r o o t  V a l le y ,
V l l l
INTRODUCTION 
Purpose  o f  I n v e s t i g a t i o n
V o lc a n ic  a s h  beds have been u sed  f o r  c o r r e l a t i v e  p u rp o ses  f o r  
many y e a r s  a s  th e y  a r e  e x c e l l e n t  m arker b e d s ,  r e p r e s e n t i n g  a  r e ­
s t r i c t e d  t im e  i n t e r v a l .  T h e ir  u n ique  a p p e a ra n c e ,  u n l im i te d  
e n v iro n m e n ta l  d i s t r i b u t i o n ,  and e x te n s iv e  a r e a l  d i s t r i b u t i o n  
enhance t h e i r  u s e f u l n e s s .  In  s p i t e  o f  t h e  f a c t  t h a t  v o lc a n ic  a sh  
i s  such a v a lu a b le  t o o l  f o r  c o r r e l a t i o n ,  r e l a t i v e l y  l i t t l e  work 
has  been done on i t . I n  p a r t i c u l a r ,  t h e r e  i s  a p a u c i ty  o f  work 
c o n c e rn in g  t h e  c o r r e l a t i o n  o f  beds from  a s in g le  e p iso d e  o f  v o l ­
c a n ic  a c t i v i t y .
I n  t h i s  s tu d y  s e v e r a l  te c h n iq u e s  u sed  in  an a t te m p t  t o  
c o r r e l a t e  T e r t i a r y  beds o f  t h e  B i t t e r r o o t  V a l le y ,  Montana a r e  
e x p la in e d  and e v a lu a te d .  A d e t a i l e d  m egascopic  and m ic ro sc o p ic  
d e s c r i p t i o n  o f  t h e  beds i s  g iv en  a lo n g  w ith  a  p a r t i a l  chem ical 
a n a l y s i s .
L o c a t io n  o f  S tudy Area
The s tu d y  a r e a  i s  l o c a t e d  i n  th e  B i t t e r r o o t  V a l le y  in  R a v a l l i  
C ounty , M ontana, The ap p ro x im ate  c e n t e r  o f  t h e  a r e a  i s  l a t i t u d e  
A6° 30* N. and l o n g i tu d e  114° 00* W.
The a s h  d e p o s i t s  a r e  found on th e  e a s t  s i d e  o f  t h e  v a l l e y  i n  
an a r e a  l o c a t e d  a p p ro x im a te ly  between t h e  tow ns o f  V ic to r  t o  t h e  
s o u th ,  and F lo re n c e  t o  t h e  n o r t h ,  a d i s t a n c e  o f  abou t 15 m i l e s ,  
( s e e  f i g u r e  1 ) ,
1 ,
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3 .
F i e ld  Work
A pprox im ate ly  e ig h te e n  days were sp e n t  i n  th e  f i e l d  c o l l e c t i n g  
sam p les .  The c o l l e c t i n g  p ro ce d u re  was t o  ta k e  th e  sam ples from a 
d e p th  o f  f o u r  t o  s i x  in c h e s  w i th in  an a sh  bed o u tc ro p .  T h is  e l im i ­
n a te d  most o f  t h e  s u r f a c e  a l t e r a t i o n  and m inim ized t h e  amount o f  
f o r e i g n  m a t t e r  washed i n  by s u r f a c e  w a te r s .  A two in c h  d ia m e te r  
p ip e  was u sed  a s  a  sam p le r  and was d r iv e n  i n t o  t h e  c le a n e d  o u tc ro p  
ab o u t  t h r e e  o r  f o u r  in c h e s .  When t h e  p ip e  was removed, t h e  m a t e r i a l  
i n s i d e  was d e p o s i te d  and s to r e d  in  l a b e le d  p l a s t i c  b a g s .  In  a sh  
beds t h a t  were to o  c o n s o l id a te d  t o  u se  t h e  p ip e  a s  a  sam p le r ,  an 
o r d i n a r y  t a b le s p o o n  was u se d ,  t a k i n g  c a re  n o t  t o  c o n ta m in a te  th e  
sam ple . In  e i t h e r  c a s e ,  th e  p ip e  o r  ta b le s p o o n  was th o ro u g h ly  
c le a n e d  w i th  a c l o t h  a f t e r  each sample was d e p o s i te d  i n  th e  
p l a s t i c  bag .
Samples were c o l l e c t e d  a t  a p p ro x im a te ly  s i x  in c h  v e r t i c a l  
i n t e r v a l s  o r  w h e rev e r  a change in  c o lo r  o r  g r a in  s i z e  was v i s i b l e .  
Samples o f  t h e  im m ed ia te ly  u n d e r ly in g  sed im en ts  were a l s o  c o l l e c t e d .
P re v io u s  Work
L in d g re n  (1904) was th e  f i r s t  t o  d e s c r ib e  t h e  geo logy  o f  th e  
B i t t e r r o o t  V a l le y .  He d id  n o t  m ention  th e  a sh  beds on t h e  e a s t e r n  
s i d e ' o f  t h e  v a l l e y ,  bu t  he mapned some T e r t i a r y  e x t r u s i v e s  w est o f  
t h e  B i t t e r r o o t  R iv e r  and a l s o  a t  t h e  s o u th  end o f  th e  v a l l e y .  Rowe 
(1903) i n  h i s  p a p e r  "Some V o lcan ic  Ash Beds o f  Montana" b r i e f l y
4*
d e s c r ib e d  th e  B i t t e r r o o t  V a l le y  a s h ,  m en tio n in g  t h a t  th e s e  ash  beds 
were "among t h e  b e s t  in  t h e  s t a t e " ,  (p .  2$ ) .  Douglas (1909) n o te d  
th e  p a u c i t y  o f  v e r t e b r a t e  and i n v e r t e b r a t e  f o s s i l s  i n  th e  T e r t i a r y  
se d im e n ts  and th e  con sequen t d i f f i c u l t i e s  i n  d a t in g  th e  s e d im e n ts .  
Langton (1935) d i s c u s s e d  th e  s t r u c t u r e  o f  sed im en ts  in  th e  V a l le y .  
In  h i s  p a p e r  on g l a c i a l  Lake M isso u la ,  P ardee  (1950) d i s c u s s e d  
p o r t i o n s  o f  t h e  B i t t e r r o o t  V a l le y .  Ross (1952) d e s c r ib e d  th e  
g e n e r a l  geo lo g y  o f  t h e  H am ilton  q u a d ra n g le .  K o n izesk i  has  w r i t t e n  
t h e  most r e c e n t  r e p o r t  on th e  geo logy  o f  t h e  B i t t e r r o o t  V a l le y  
(McMurbrey, K o n iz e s k i ,  and S te r m i t z ,  195 9 ) .
E lsew here  i n  N orth  America v a r io u s  w orkers  have c o n s id e re d  th e  
s u b j e c t  o f  a sh  b e d s .  Anderson and F l e t t  (1 9 0 2 ) ,  Milne (1902) and 
T e a l  ( 1902) gave a c c o u n ts  o f  t h e  1902 v o lc a n ic  e r u p t io n s  i n  th e  
West I n d i e s  and d e s c r i p t i o n s  o f  t h e  c o n c u r re n t  a sh  d e p o s i t s .  Landes 
( 1928) i n  a r e p o r t  on t h e  v o lc a n ic  ash  r e s o u r c e s  o f  Kansas d e s c r ib e d  
t h e  Kansas a s h  d e p o s i t s  b o th  m e g a s c o p ic a l ly  and m ic r o s c o p ic a l ly ,  
and in c lu d e d  a chem ica l a n a l y s i s .  He d i s c u s s e d  some o f  th e  p ro b a b le  
c o n t r o l l i n g  se d im e n ta ry  f a c t o r s ,  and c o n s id e re d  Colorado as a 
p o s s i b l e  s o u r c e .  Landes n o te d  t h a t  a sh  o c c u rs  i n  many r e g io n s  o f  
t h e  U n ited  S t a t e s .  In  th e  G rea t  P l a in s  p ro v in e  K ansas, Oklahoma, 
and e a s t e r n  C olorado and N ebraska  have numerous d e p o s i t s  o f  ash  
w h i le  s m a l l e r  amounts o f  a sh  a re  found  in  South Dakota and w e s te rn  
Iow a. The Rocky M ountain p ro v in c e  has some a sh  in  C o lo rado , Idaho  
and Montana. Ash i s  a s s o c i a t e d  w ith  s e v e r a l  r e c e n t  v o lc a n o e s  a lo n g
5.
t h e  P a c i f i c  Coast*
Sw ineford  and Frye  (1946) made a p e t r o g r a n h ic  s tu d y  o f  th e  P l i o ­
cene and P l e i s to c e n e  a sh  d e p o s i t s  i n  K ansas , Using c o lo r  o f  th e  
b e d s ,  s p e c i f i c  g r a v i t y  o f  th e  a s h ,  r e f r a c t i v e  in d e x ,  and shape o f  
t h e  s h a rd ,  t h e y  were a b le  t o  d i f f e r e n t i a t e  two ash  f a l l s  o f  d i f f e r e n t  
a g e s .  A com prehensive  b ib l io g r a p h y  i s  in c lu d e d  in  t h i s  p a p e r .
On th e  b a s i s  o f  in d e x  o f  r e f r a c t i o n ,  c h a r a c t e r  o f  th e  s h a r d s ,  
i n c l u d i n g  shape and v e s i c u l e s ,  and c o m p o s it io n ,  S w inefo rd , F ry e , 
and L eonard  (1955) d i f f e r e n t i a t e d  f o u r t e e n  s e p a r a te  a sh  f a l l s  o f  
P l io c e n e  age i n  K ansas. A d i f f e r e n c e  i n  a sh  f a l l s  was re c o g n iz e d  
i n  s p i t e  o f  t h e  f a c t  t h a t  v a r i a t i o n s  from one f a l l  t o  a n o th e r  were 
v e ry  s l i g h t .  The c h a r a c t e r i s t i c s  o f  th e  Kansas a sh  a re  v e ry  
s i m i l a r  t o  t h o s e  o f  t h e  B i t t e r r o o t  V a l le y  a s h .
S c h lo c k e r  and Van Horn (195&) r e p o r te d  on some a sh  n e a r  D enver, 
C o lo rado  which a l t e r e d  t o  th e  c la y  m in e ra l  i l l i t e .  T h is  i s  
u n u s u a l  a s  most a sh  a l t e r s  t o  m o n tm o r i l lo n i te .  The c h a r a c t e r i s t i c s  
o f  t h i s  a s h  a r e  a l s o  s i m i l a r  t o  th e  a sh  s tu d ie d  i n  th e  B i t t e r r o o t  
V a l le y .
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P h y s io g rap h y  and C lim ate
The a r e a  i s  i n  th e  w e s te rn  Montana p a r t  o f  t h e  Rocky Mountain 
p h y s io g ra p h ic  p ro v in c e  and t o p o g r a p h i c a l ly  i s  a n o r th - s o u th  t r e n d ­
in g  in te rm o n t  an e v a l l e y ,  which i s  t y p i c a l  o f  th e  p ro v in c e .  The 
S a p p h ire  M ounta ins b o rd e r  th e  v a l l e y  to  th e  e a s t ,  and th e  h ig h e r  
B i t t e r r o o t  Range b o rd e rs  i t  t o  th e  w e s t .
The r e l i e f  from th e  v a l l e y  f l o o r  t o  th e  h ig h e s t  peaks in  t h e  
B i t t e r r o o t  Range i s  ab o u t 6 ,000 f e e t  w h ile  t h a t  i n  t h e  Sapph ire  
M ounta ins  i s  a b o u t  5 ,000 f e e t .
The B i t t e r r o o t  V a l le y  i s  abou t f o r t y - f i v e  m i le s  long  and a v e ra g e s  
abo u t seven m i le s  i n  w id th .
The B i t t e r r o o t  R iv e r  i s  t h e  main s tream  in  t h e  v a l l e y ,  w ith
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tw e n ty  t r i b u t a r i e s  e n te r in g  i t  from th e  west and f iv e  e n t e r in g  i t  
from  t h e  e a s t .
A ccord ing  t o  McMurbrey, e t  a l ,  (1959, p .  8 ) :
"The c l im a te  o f  t h e  B i t t e r r o o t  V a l le y  i s  c h a r a c t e r i z e d  
by r e l a t i v e l y  m ild  w i n t e r s ,  c o o l  summers, l i g h t  p r e c i p i ­
t a t i o n ,  and v e ry  l i t t l e  w ind. The c l i m a t i c  d a ta  o f  
S t e ^ ^ n s v i l l e  a r e  a s  fo l lo w s ;  mean minimum te m p e ra tu re  
3C12 F . , mean maximum te m p e ra tu re  58*̂  F , , av e rag e  
a n n u a l  p r e c i p i t a t i o n  12 .16  i n c h e s . "
GEOLOGY OF THE BITTERROOT VALLEY
The B i t t e r r o o t  V a l le y  i s  a s t r u c t u r a l  v a l l e y  w hich , a c c o rd in g  
t o  Ross (1952) and o t h e r s ,  was formed a t  t h e  t im e  o f  emplacement 
o f  th e  Idaho  B a t h o l i t h  l a t e  i n  t h e  C re taceo u s  p e r i o d ,  o r  e a r l y  i n  
t h e  T e r t i a r y  p e r i o d .
The v a l l e y  was th e n  f i l l e d  w i th  sed im en ts  u n t i l  l a t e  in  t h e  
T e r t i a r y  p e r io d  when t h e  B i t t e r r o o t  R iv e r  was r e ju v e n a te d  and th e  
v a l l e y  was exhumed, d e v e lo p in g  h ig h  and low t e r r a c e s  on b o th  s i d e s .  
The p r e s e n t  to p o g rap h y  o f  t h e  v a l l e y  was caused  by th e  r e ju v e n a t io n  
end r e c u r r e n t  f a u l t i n g  a lo n g  th e  m arg in s  o f  t h e  v a l l e y  (P a rd e e ,  1950) 
The movement was p ro b a b ly  g r e a t e r  on th e  w e s te rn  s id e  o f  th e  
v a l l e y  where f a u l t  t r a c e s  can be o b se rv e d .  P o s s ib l e  ev idence  f o r  
f a u l t i n g  on th e  e a s t e r n  s id e  o f  t h e  v a l l e y  fo l lo w s :  ( l )  a t  th e  one 
l o c a t i o n ,  (no ,  3 ,  m iddle  bed ),w h ere  a d ip  and s t r i k e  of t h e  a sh  beds 
can be t a k e n ,  t h e  beds s t r i k e  N 30° E, and d ip  4 °  t o  t h e  n o r th w e s t ,  
(w hich co u ld  be a p r im a ry  d i p ) ,  (2)  t h e  a sh  o u tc ro p s  a r e  exposed i n  
t h e  v a l l e y  i n  a  n o r t h e a s t  t r e n d in g  d i r e c t i o n ,  i n d i c a t i n g  a g e n e ra l
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s t r i r c e  o f  t h e  b eds  i n  t h i s  d i r e c t i o n ,  (3) j o i n t i n g ,  which i s  d ip ­
p in g  e s s e n t i a l l y  v e r t i c a l  and s t r i k e s  to  th e  n o r th w e s t ,  can be ob= 
s e rv e d  i n  t h e  m idd le  bed a t  l o c a t i o n  n o .  3 ,
One would ex p ec t  th e  beds to  s t r i k e  p a r a l l e l  t o  th e  v a l l e y ,  
( n o r t h - s o u t h ) , and d ip  i n t o  t h e  v a l l e y  ( w e s t ) , b u t  th e  above e v i ­
dence  i n d i c a t e s  a s l i g h t  d e v ia t i o n  from t h e  ex p ec ted  a t t i t u d e  o f  
t h e  b e d s ,  a t  l e a s t  i n  th e  v i c i n i t y  o f  l o c a t i o n  no . 3* T h is  can 
p ro b a b ly  be e x p la in e d  a s  l a t e  t i l t i n g  o f  th e  b e d s ,  c au s in g  them 
t o  s t r i k e  n o r t h e a s t  and d ip  n o r th w e s t .
During a p a r t  o f  P l e i s to c e n e  t im e ,  t h e  C la rk  Fork R iv e r  was 
ponded by a lo b e  o f  i c e  from th e  C o r d i l l e r a n  i c e  s h e e t ,  and th e  
r e s u l t i n g  la k e  f lo o d e d  t h e  B i t t e r r o o t  V a l le y .  Small beach t e r ­
r a c e s  on e i t h e r  s id e  o f  th e  v a l l e y  which reach  an e l e v a t i o n  o f  
4200 f e e t ,  i n d i c a t e s  th e  g l a c i a l  l a k e  must have f i l l e d  th e  
v a l l e y  t o  a t  l e a s t  t h i s  h e ig h t ,
GEOLOGY OF THE ASH 
N om enclature
The te rm in o lo g y  used  f o r  t h e  p y r o c l a s t i c  ro c k s  w i l l  be t h a t  
proposed  by W entworth and W illiam s (1 9 3 9 ):
A c c r e t io n a r y  l a p i l l i -  P e l l e t s ,  o f t e n  e x h i b i t i n g  c o n c e n t r i c  s t r u c ­
t u r e ,  owing t o  th e  a c c r e t i o n  o f  f i n e  ash  o r  d u s t  around r a in d ro p s  
f a l l i n g  th ro u g h  an e x p lo s io n  c loud  o r  to  s i m i l a r  a c c r e t i o n  around 
a n u c le u s  fragm ent which r o l l s  a lo ng  th e  g roun d . These a re  t h e  
mud p e l l e t s  and p i s o l i t e s  o f  o t h e r  w r i t e r s .
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Ash — Uncem ented p y r o c l a s t i c  d e b r i s  c o n s i s t i n g  o f  f rag m e n ts  m o s tly  
u n d e r  4 mm i n  d iam ete r*  C oarse  a sh  i s  from 4 t o  1 /4  mm i n  g r a i n  
s i z e ;  f i n e  a s h  i s  under 1 /4  mm.
D u s t , v o l c a n ic  -  P y r o c l a s t i c  d e t r i t u s  c o n s i s t i n g  o f  m o s t ly  o f  
p a r t i c l e s  o f  l e s s  th a n  1 /4  mm in  d ia m e te r ,  i . e .  f i n e  v o lc a n ic  a s h .
L a p i l l i  -  E s s e n t i a l l y  a c c e s s o ry  and a c c i d e n t a l  e j e c t a  ran g in g  
m o s t ly  from  32 t o  4 mm i n  d ia m e te r .
T u f f  -  I n d u r a t e d  p y r o c l a s t i c  ro ck s  o f  g r a i n  g e n e r a l l y  f i n e r  
th a n  4 mm; i . e . ,  t h e  i n d u r a te d  e q u iv a le n t  o f  v o lc a n ic  a sh  o r  d u s t .
S e d im e n ta ry  t u f f  -  A t u f f  c o n ta in in g  a  s u b o rd in a te  amount o f  s e d i ­
ment i n t r o d u c e d  e i t h e r  d u r in g  o r  a f t e r  d e p o s i t i o n ,  e . g . ,  t h e  f i n g e r  
d e p o s i t s  o f  some v o lc a n ic  mud f low s o r  ro c k s  produced by t h e  e ro ­
s io n  and r e d e p o s i t i o n  o f  p y r o c l a s t i c  e j e c t a  admixed w i th  non- 
v o l c a n ic  m a t e r i a l .
S ed im en ta ry  F e a tu re s
G e n e ra l  d e s c r i p t i o n  o f  a sh  beds
The a sh  d e p o s i t s  o c c u r  a s  beds o r  p o s s ib ly  l e n s e s  11 in c h e s  t o
10 f e e t  t h i c k  i n  T e r t i a r y  s e d im e n ts .  The d e p o s i t s  a r e  a l l  q u i t e  
p u re  e x c e p t  a t  t h e  u p p e r  c o n ta c t s  where t h e  ash  g ra d e s  i n t o  o v e r -  
l y in g  s e d im e n ts .  The a sh  i s  compact enough in  most i n s t a n c e s  so as  
t o  be a  l i t t l e  more r e s i s t a n t  th a n  t h e  u n d e r ly in g  and o v e r ly in g  sedi- 
m e n ts ,  hence  in  o u tc r o p s  i t  i s  u s u a l l y  a le d g e  fo rm e r ,  ( F igu re  2 ) .
I n  a l l  c a s e s ,  t h e  a sh  can r e a d i l y  be d is a g g re g a te d  by c ru sh in g  i t
betw een th e  f i n g e r s .
On a d ry  o u tc ro p  s u r f a c e  th e  s i l t s  and c la y s  a r e  u s u a l ly  much 
more compact th a n  th e  a s h ,  bu t on a wet s u r f a c e  th e y  become s o f t
w h i le  t h e  a sh  rem ains  f a i r l y  w e ll  c o n s o l id a te d .
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A re a l  d i s t r i b u t i o n
I n  w e s te rn  Montana a sh  d e p o s i t s  a r e  found  i n  s e v e r a l  v a l l e y s ,  i n ­
c lu d in g  t h e  B i t t e r r o o t  V a l le y ,  M issou la  V a l le y ,  D eerlodge V a l le y ,  
and th e  G a l l a t i n  V a l le y .
The T e r t i a r y  se d im e n ts  on t h e  w e s te rn  s id e  o f  th e  B i t t e r r o o t  
V a l le y  have e i t h e r  been  d o w n -fa u l te d  o r  e ro d e d  away, and hence most 
o f  t h e  T e r t i a r y  sed im e n ts  in  th e  v a l l e y  a re  p re s e rv e d  o n ly  on th e  
e a s t e r n  s i d e .  Only one b ed , t h e  m iddle  bed , a t  l o c a t i o n  no , 3 ,  
W illoughby  C reek , can be t r a c e d  f o r  any  d i s t a n c e  on t h e  s u r f a c e .  
( P l a t e  1 ) .
P u re ,  r e l a t i v e l y  f r e s h  a sh  i s  found a t  l o c a t i o n  no . 13 (S p r in g  
Creek d r a in a g e )  which i s  2 m i le s  so u th  and 6 m i le s  e a s t  o f  F lo re n c e ,
A l i t t l e  s i l t y  a sh  has been o b se rved  2 o r  3 m ile s  n o r t h  o f  t h i s  lo c a ­
t i o n ,  To th e  s o u th  a sh  c ro p s  o u t  i n  some o f  th e  e a s t - w e s t  t r e n d in g  
g u l l i e s  f o r  ab o u t 14 m ile s  t o  l o c a t i o n  no . 6 ,  which i s  th e  d r a i n ­
age  j u s t  n o r th  o f  B irch  C reek . South  o f  t h i s  d r a in a g e ,  th e  ash  
i s  v e ry  much rew orked and admixed w i th  s i l t s  and c l a y s ,  and hence 
i t  i s  c a l l e d  a s e d im e n ta ry  t u f f  (Wentworth and W il l ia m s , 1939),
The se d im e n ta ry  t u f f  c ro p s  ou t in  s e v e ra l  g u l l i e s  f o r  abou t f i v e  
m i le s  so u th  o f  B irc h  C reek .
T hree  ash  beds crop  out in  70 f e e t  o f  s e c t io n  a t  l o c a t i o n  no .
3 , W illoughby  G reek , i n d i c a t i n g  a t  l e a s t  t h r e e  d i f f e r e n t  a sh  f a l l s  
i n  t h e  a r e a .
The e l e v a t i o n s  o f  t h e  ash  beds i n  t h e  a r e a  rang e  between 3500 
f e e t  and a b o u t  4100 f e e t .
1 1 .
F ig u re  2 , Ash bed o u tc ro p  a t  l o c a t i o n  no . 3
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To sum m arize, th e  a r e a l  d i s t r i b u t i o n  o f  th e  p u re  ash  in c lu d e s  
a r e c t a n g u l a r  a r e a  6 m i le s  wide and 14 m ile s  lo n g .  However, i t  i s  
n o t  im p l ie d  t h a t  t h e  d i s t r i b u t i o n  i s  un ifo rm  o r  even t h a t  t h e  ash  i s  
p r e s e n t  o v e r  a l l  o f  t h i s  a r e a .
R e la t i o n  t o  sed im e n ts
The a sh  beds  a r e  d e p o s i t e d  on l a t e  T e r t i a r y  s i l t s  and c l a y s ,  
and i n  some i n s t a n c e s  ( l o c a t i o n s  12 , 13 , 21H, 22H) on a s i l t y  
a rk o s e  which becomes more s i l t y  and c la y e y ,  and l e s s  a rk o s ic  
b a s in w a rd .  At l o c a t i o n  no . 3 a 170 fo o t  s e c t io n  o f  T e r t i a r y  
se d im e n ts  i s  ex posed . The low er 30 f e e t  o f  t h e  s e c t io n  c o n s i s t s  
o f  s i l t s ,  san d s  and g r a v e l s .  The n e x t  110 f e e t  c o n s i s t s  o f  s i l t s  
and c l a y s ,  and  i n c lu d e s  t h r e e  a sh  b e d s .  S i l t s ,  s a n d s ,  and g r a v e l s  
c o n s t i t u t e  t h e  to p  30 f e e t  o f  T e r t i a r y  se d im e n ts .
The b o ttom  c o n ta c t  o f  th e  a sh  i s  sh a rp  and con fo rm ab le ,  bu t 
t h e  u p p e r  c o n ta c t  i s  g r a d a t i o n a l  w ith  t h e  o v e r ly in g  se d im e n ts .  
T h ic k n e s s
The t h i c k n e s s e s  o f  th e  a sh  b ed s  i n  t h e  a re a  range  from 11 to  
120 i n c h e s .  The two t h i c k e s t  b eds  ( l o c a t i o n  n o . 6 , 120 in c h e s  and 
l o c a t i o n  n o .  1 3 ,  73 i n c h e s ) ,  o c c u r  15 m i le s  a p a r t  and a t  o p p o s i te  
ends o f  t h e  a r e a .  Hence, no p a r t i c u l a r  t h in n i n g  o r  th ic k e n in g  o f  
t h e  beds  i n  a g iv en  d i r e c t i o n  i s  n o t i c e a b l e .  In  g e n e r a l ,  th e  
t h i c k n e s s e s  o f  th e  beds v a ry  c o n s id e r a b ly .  ( P l a t e  l ) .
Because o f  i t s  g r a d a t i o n a l  n a t u r e ,  t h e  e x a c t  p o s i t i o n  o f  th e  
u p p e r  c o n ta c t  o f  th e  a sh  i s  d i f f i c u l t  t o  d e te rm in e .  Thus th e  
measured t h i c k n e s s  o f  a sh  beds may be p lu s  o r  minus one fo o t
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from  th e  t a b u l a t e d  t h i c k n e s s .
D e s c r ip t i o n  and s i z e  ran g e  o f  sh a rd s
The c o lo r  o f  th e  a sh  v a r i e s  from  iidiite t o  v a r io u s  shades o f  
g r a y  w i th  th e  l i g h t e r  c o lo r  b e in g  i n  th e  f i n e r - g r a i n  s i z e ,  and th e  
d a r k e r  c o lo r  b e in g  i n  t h e  c o a r s e - g r a i n  s i z e .  The c o a rse  f ragm en ts  
may j u s t  a p p e a r  t o  be more d i s c o lo r e d  a s  th e y  a re  t h i c k e r  th an  th e  
f i n e  g r a in e d  f ra g m e n ts .  In  t h e  s u n l ig h t  th e  i n d i v i d u a l  f r a g ­
m ents r e f l e c t  l i g h t  b r i l l i a n t l y .  T h is  c h a r a c t e r i s t i c  a long  w ith  
t h e  n e g a t iv e  r e a c t i o n  w i th  h y d r o - c h lo r i c  a c id  d i f f e r e n t i a t e s  v o lc a n ic  
a s h  from  d ia tom aceous  and c h a lk  d e p o s i t s .
A hand l e n s  o r  o t h e r  so u rce  o f  low m a g n i f ic a t io n  r e v e a l s  th e  
a n g u l a r i t y  and g l a s s y  n a tu r e  o f  th e  i n d i v i d u a l  s h a rd s .  With a 
b i n o c u l a r  m ic ro scop e  e s s e n t i a l l y  f o u r  d i f f e r e n t  ty p e s  o f  sh a rd s  
can be o b se rv ed  ( F ig s .  3 , 4 ,  and 5 ) :  ( l )  c o l o r l e s s ,  p l a t y ,  a n g u la r  
f r a g m e n ts ,  (2 ) more complex f rag m e n ts  hav ing  r i b s  o r  r id g e s  b u i l t  
up f rom th e  p l a t y  f r a g m e n ts ,  (3 ) f rag m e n ts  in  v ti ich  v e s i c u l e s  o r  
b u b b le s  o f  g l a s s  can be o b se rv e d ,  (4 ) e lo n g a te  f rag m en ts  which show 
a f low  s t r u c t u r e ,
p i r s s o n  (1915) e x p la in s  t h e  f i r s t  t h r e e  shapes o f  v o lc a n ic  f r a g ­
m ents by r e l a t i n g  them t o  expanding  g a se s  in  a v is c o u s  m e l t .  As 
g a s e s  i n  th e  m elt  expand w i th  a r e l e a s e  o f  p r e s s u r e ,  b u b b les  a re  
formed in  t h e  m e l t .  When t h e  e j e c t a  a re  blown ou t o f  th e  v o lc a n o ,  
t h e r e  i s  a  f u r t h e r  r e l e a s e  o f  p r e s s u r e  and t h e  g a se s  t r a p p e d  in  th e  
l i q u i d  expand s t i l l  more u n t i l  th e  b u b b le s  b u r s t .  The o u te r
1 5 .
F ig u r e  3 .  x  51
Fragm ent o f  sh a rd  
h a v in g  r i b s  b u i l t  
up from  b a s e .
F ig u re  4 .  x  51
Fragm ent o f  sh a rd  
showing p a r t  o f  
v e s i c u l e .
F ig u re  5 . x  240
Fragment o f  sh a rd  
showing f low  s t r u c t u r e  
and e lo n g a te  v e s i c u l e . g
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p o r t i o n s  o f  th e  b u b b le  s o l i d i f y  to  form  p l a ty  s h a rd s ,  and th e  b a s a l  
p a r t  o f  th e  b u b b le  w hich  i s  a t ta c h e d  to  a  l a r g e r  sh a rd , s o l i d i f i e s  
t o  form  th e  r ib b e d  ty p e  o f  s h a rd , w ith  th e  r i b s  a c t in g  a s  d iv is io n s*  
betw een  th e  b u b b le s . In  some o f  th e  sh a rd s  whole v e s ic u le s  can be 
o b se rv e d . The f o u r th  ty p e  o f  sh a rd  shows pronounced flow  s t r u c t u r e ,  
i n d i c a t i n g  t h e  v is c o u s  n a tu r e  o f  th e  la v a  a t  th e  tim e  o f  e ru p t io n .
The s iz e  o f  in d iv id u a l  sh a rd s  ra n g e s  from  l e s s  th a n  .004 to  
.5  mm, th e  s m a lle r  frag m e n ts  b e in g  term ed  f in e  ash  and th e  l a r g e r  
ones c o a rs e  a s h ,
A bed o f  a sh  t y p i c a l l y  c o n s i s t s  o f  a l t e r n a t i n g  l a y e r s  3 in ch e s  
t o  2 o r  3 f e e t  t h i c k  o f  f in e  and c o a rse  a s h . Each d e p o s i t  con­
t a i n s  s e v e r a l  o f  th e s e  a l t e r n a t i n g  l a y e r s .  The c o n ta c ts  betw een 
th e  l a y e r s  a re  p a r a l l e l  to  one a n o th e r ,  and to  th e  bo ttom  con­
t a c t .  Some beds do n o t c o n ta in  any c o a rse  a s h ,  b u t in  th o s e  beds 
t h a t  d o , i t  i s  found n e a r  th e  b ase  o f th e  bed .
A s i z e  a n a ly s i s  was made on th o s e  beds w hich have a c o a rse  ash  
l a y e r  n e a r  t h e  b a s e , (e x c e p t a t  l o c a t io n  23H where th e  sainple was 
c o n ta m in a te d  w ith  c l a y . ) T h is  c o a rs e  l a y e r  was chosen  because  
i t  i s  th e  most d i s t i n c t  and th e  m ost p e r s i s t e n t  l a y e r  p r e s e n t ,  
(However, i t  was n o t p roven  t o  be c o r r e l a t i v e . )  I t  i s  a ls o  n e a r  
th e  b ase  o f  th e  bed and th u s  would be l e s s  s u s c e p t ib le  to  l a t e r  
e ro s io n .  An "X" i n  a s e c t io n  in  P la te  2 i n d ic a t e s  th e  p la c e  where 
a s i z e  a n a ly s i s  was made.
F i f t e e n  -gram  sam ples were hand s ie v e d  th ro u g h  a s e r i e s  o f  
fo u r  s ie v e s  o f  th e  fo llo w in g  s i z e s :  num bers 24 ( .7 0 1  mm o p e n in g ) .
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100 1 .149  mm o p e n in g ) , 200 ( .0 7 4  mm o p e n in g ) , and 325 ( .0 4 4  mm open- 
i n g ) , a s  s ta n d a rd iz e d  by th e  American S o c ie ty  f o r  T e s tin g  M a te r ia l s ,  
The m a te r i a l  which was caugh t on th e  n o . 24 sc re e n  i s  o f l i t t l e  
s i g n i f i c a n c e  a s  much o f  i t  c o n s i s t s  o f sm all frag m en ts  o f  a l t e r e d  
m a t e r i a l  and s h a rd s  cem ented to g e th e r*
The in d e x  num ber was o b ta in e d  by add ing  th e  amount o f  m a te r ia l
p r e s e n t  in  t h e  100 -  200 ra n g e , p lu s  two t im e s  th e  amount o f  m a te r ia l
p r e s e n t  in  th e  200 -  325 ra n g e , p lu s  f o u r  tim e s  th e  m a te r ia l  p re ­
s e n t  in  th e  l e s s  th a n  325 s i z e ,  (L an d es, 1 9 2 8 ),
Twelve s iz e  a n a ly s e s  were ru n , b u t two o f  th e s e  w hich were from  
b ed s c o n ta in in g  no c o a rs e  ash  c o u ld  n o t be compared to  th e  r e s t ,  and 
w ere t h e r e f o r e  d is c a r d e d .  T ab le  I  g iv e s  th e  amount o f  a sh  p re s e n t  
in  each  g ra d e  s i z e .
4100 '
O v erly in g  s i l t s
30
Hard s i l t s t o n e
S i l t y  ash
P ure a sh '
Brown c la y
Thin daiic brown
band
22
U niform  a s h -  
medium g ra in e d
C layey  zone
U nifonn a s h -  
medium g ra in e d
■Contact zone
4075'
S i l t s t o n e
8 C layey  ash
Medium g ra in e d  
ash
22
X
2 Hard s i l t y  l a y e r
U nderly ing  a rk o se  
and s i l t s
Ü12
3590'
O v erly in g  s i l t s
3 Hard s i l t s t o n e
Medium g ra in e d  ash
51
C oarse ash  g ra d in g  
in to  medium g ra in e d  
a s h -  m a g n e tite  n e a r  
th e  base
Medium g ra in e d  ash
F ine  ash
#22H a rk o se
3610 '
13
13
Hard s i l t s t o n e
Uniform a s h -  
medium frrained
C lay  oand~
Uniform a s h -  
medium g ra in e d
S l ig h t ly  c lay e y  
ash
Uniform a s h -  
medium g ra in e d
U n d erly in g  s i l t s  anc 
#21H
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3480'
25
O verly ing  s i l t s
Uniform  a s h -  
medium g ra in e d
C oarse T 'r s iw d " s s h  
wi t h  ooffle ■m a g n e ti te '
F ine g ra in e d  ash
U n d e r ]y l^  s i l t s  
1̂1
3600 '
30 Fine ash
6 | C oarse ash
7 F ine ash
3x Medium to  c o a rse  ash
w ith  M g f tô tl te
#10
12
D ir ty  ash  g rad in g  
in to  c la y
3 F ine  g ra in e d  ash
8
F a i r ly  c o a rse  
g ra in e d  ash  w ith  
a c c r e t io n a r y  
l a p i l l i
5
X
F ine g ra in e d  ash  
c o a rse  a t  base w ith
4 F ine g ra in e d  ash
#3
(M iddle Bed)
3545'
24
Ash and s i l t s  
adm ixed- p ro b ab ly  
w ashed-in
40
F a i r ly  c o a rse  
g ra in e d  ash  in  sp o ts  
o tn e rw ise  medium 
g ra in e d
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3620
f g ra in e d  ash
g c la y s
3535'
F ine g ra in e d  ash  
.to ix p . n f  flnr.rpti.onara
C on tac t zone^^P^^^^
Hard y e llo w  u n d e r-
.7 3
(Lower Bed)
3S
;#3
(Upper Bed)
diumi g ra in e d  ash
S_, I
-Ctiaaü#é ash  w ith ------Uti
%> ash  w ith  
^ t i o n a r y  l a p i l l i
Ash.ifâh# c la y
3510'
1 4
B uff c la y
Grey c la y
Medium g ra in e d  ash
P r e t ty  c la y e y  ash
Clayey c o a rse  ash
U nderly ing  c la y s  
and s i l t s
#4
3500 '
24
S i l t s
Uniform a s h -  f in e  
g ra in e d
F ine  g ra in e d  ash  
C lay zone '
Hard vri’i i t e  a l te r a t ic y i  
l a y e r
#5
3520'
10
C lays
C layey g re y  ash 
ite a isn  c la y  band"
Clayey ash
Coarse g ra in e d  ash
F ine g ra in e d  ash
C oarse g ra in e d  ash
C layey c o n ta c t '
U nderly ing  c la y  
(Lower Bed)
3500'
14 F ine  ash
C oarse g ra in e d  ash
L ig h te r  c o lo re d  a s h , 
much v ea th e red ^  . 
m a te r ia l .  Fe s t a in s
in  th in  co n tin u o u s  
  r t r e a k s
C oarse g ra in e d  ash
F ine g r a in e d  ash
B uff c la y
Is
3550 '
B uff c la y
3 . Dark c la y
4 C lay and ash
9 Ash and  c la y  
admixed
58 Medium to  c o a rse  ash  w ith  t h i n  re d  
c la y  s t r e a k s  n e a r
22
10
C lays
S i l t y  ash
Medium to  co a rse  
g ra in e d  ash
Grey c la y
Clayey ash
In te rb e d d e d  c la y  
and ash
Medium g ra in W . ash  
c o a rse  a t  baise,
# 2  (Upper Bed;
SCALE 
1/10«= 1"
X S ize  A n a ly s is
19 .
TABLE I  
G ra in  S iz e  A n a ly s is
L oc. Sample
No,
24
.701
24-100
.7 0 1 -
.147mm
100-200
.1 4 7 -
.74mm
200-325
.0 7 4 -
. 044mm
325
.044
mm
Index
No.
13 198H .1% 35% 37.5% 16.4% 11% 115
10 261H 1 .6 51 .5 2 0 .6 1 4 .2 1 2 .1 97
22H 226H .6 62 1 5 .1 12 10 .3 80
3 46h
M iddle
.9 62 .5 1 3 .9 1 3 .2 9 .0 66
11 23 5H 1 .9 6 8 .0 1 3 .3 9 .1 7 .8 63
2
Lower
140H 1 .0 66 .5 1 4 .5 1 1 .6 5 .7 61
2
U pper
116H 4 .0 7 0 .0 8 .4 9 .9 7 .5 58
5 275H 1 .7 6 3 .0 2 0 .8 1 0 .1 4 .5 49
4 163H .4 72 .5 1 2 .9 1 0 .6 3 .7 49
6 92H 1 .5 75 .3 1 1 .3 9 .3 2 .6 30
S t r u c tu r e s
T hree  ty p e s  o f  s t r u c tu r e s  a re  found in  th e  v a r io u s  a sh  de­
p o s i t s .  One o f  th e s e  s t r u c tu r e s  i s  s im i la r  t o  a " f o s s i l  bone" 
s t r u c t u r e  d e s c r ib e d  by Landes (1928) i n  Kansas a sh , though  
R a v a l l i  County a sh  i s  n o n -c a lc a re o u s . (F ig . 6 ) .  They a re  c i r c u ­
l a r  t o  o v a te  in  c ro s s  s e c t io n ,  and  m easure .5  to  1 .5  cm in  d i a ­
m e te r . The " f o s s i l  bones" form  in  a  b ran ch in g  p a t t e r n ,  hav ing  a 
rough  s u r f a c e  and a po ro u s t e x t u r e .  They c o n s is t  o f  a h a rd , w h ite  
s i l i c e o u s  a p p e a rin g  s u b s ta n c e , w hich shows no c r y s t a l l i n e  s t r u c tu r e
20.
jO t  t.wOAu -.
F ig u re  6 . " F o s s i l  bone" s t r u c tu r e  found in  a sh  a t  lo c a t io n  n o . 22H.
F ig u re  7 . C o n c re tio n s  found  in  a sh  a t  lo c a t io n  n o . 6,
2 1 .
i n  an  X -ray  p a t t e r n .
The o r i g in  o f  th e s e  " f o s s i l  bones" can o n ly  be h y p o th e s iz e d  a s  
b e in g  d e p o s i te d  by ground w a te r  a c t i o n .  P erhaps worm b o r in g s  p ro ­
v id e d  a ch an n e l th ro u g h  w hich ground  w a te r  could  flo w  more e a s i l y  
th a n  th ro u g h  th e  r e s t  o f  a s h . D isso lv e d  m in e ra l m a t te r  m ight be 
d e p o s i te d  on th e  s id e  o f  th e  c h an n e ls  a s  th e  g round w a te r  seeped 
ou tw ard  from  th e  c h a n n e ls ,
A second  h y p o th e s is  assum es t h a t  r o o ts  o r  some o th e r  o rg a n ic  
m a t te r  w ere i n  th e  a s h . D isso lv e d  m in e ra l m a te r ia l  in  th e  ground 
w a te r  would th e n  be d e p o s i te d  a round  th e  o rg a n ic  m a t te r .
The second ty p e  o f  s t r u c tu r e s  a re  c o n c re t io n s  ( F ig .  7)* These 
a re  h a rd  b a l l s ,  2 t o  6 in c h e s  in  d ia m e te r , o c c u r r in g  a s  s in g le  b a l l s  
o r  g ro u p s  o f  b a l l s  w hich a re  u s u a l ly  f l a t  on th e  bo ttom . They a re  
composed o f  a sh  w hich i s  v e ry  w e ll  cem ented w ith  c a lc iu m  c a rb o n a te . 
These to o ,  were p ro b a b ly  form ed by ground w a te r  a c t io n .  These a re  
found  a t  l o c a t i o n  no . 6 and may in d ic a t e  t h a t  a t  t h i s  l o c a l i t y  th e  
g round  w a te r  i s  d r a in in g  o f f  a  c a lc a re o u s  ro c k , such as  th e  W allace 
l im e s to n e  o f  PreC am brian age w hich c ro p s  ou t in  t h e  v i c i n i t y .
The c o n c re t io n s  f lu o r e s c e  s p o t t i l y  u n d er an u l t r a  v i o l e t  l i g h t ,  
i n d i c a t i n g  th e  p re s e n c e  o f  e i t h e r  u r a n a l  io n s  o r  h y d ro ca rb o n s . A 
bead  t e s t  was m ade, u s in g  sodium f lu o r id e  a s  a  f lu x  t o  t e s t  f o r  th e  
u r a n a l  io n .  Under th e  u l t r a  v i o l e t  l i g h t  th e  bead shou ld  have f ]u o -  
re s c e s e d  i f  a s  l i t t l e  a s  3 p a r t s  u ranium  p e r  m i l l io n  were p r e s e n t .  
The t e s t  showed t h a t  no u ran ium  was p r e s e n t ,  so i t  was concluded  
t h a t  th e  f lu o re s c e n c e  i n  th e  c o n c re t io n s  was due to  h y d ro ca rb o n s.
2 2 .
The h y d ro ca rb o n s  p r e s e n t  in  th e  c o n c re t io n s  w ere p ro b a b ly  p re s e rv e d  
from  o x id a t io n  by th e  c a rb o n a te  c e m e n ta tio n . I t  i s  p o s s ib le  t h a t  
th e  f lu o re s c e n c e  was caused  by o th e r  m in e ra ls  p r e s e n t ,  c a l c i t e ,  
i n  p a r t i c u l a r .  One would have e x p ec te d  th e  e n t i r e  c o n c re t io n  to  
f l u o r e s c e ,  how ever, i f  t h i s  were th e  c a s e .
In  a d d i t io n  to  th e  above s tu d y , a l l  o f  th e  u n d e rly in g  sed im en ts  
were t e s t e d  u n d e r th e  u l t r a - v i o l e t  l i g h t  to  check f o r  th e  p re sen c e  
o f  u ran iu m , McKelvey (1955) and H e in r ic h  (1958 , p , 323) and o th e r s  
have d is c u s s e d  th e  a s s o c i a t io n  o f  u ran ium  w ith  v o lc a n ic  a sh . As 
m en tioned  e a r l i e r ,  th e  sm a ll amount o f  f lu o r e s c e n t  m a te r ia l  which 
was fo u n d , p roved  to  be a t t r i b u t e d  t o  o rg a n ic  compounds.
The t h i r d  s t r u c tu r e  found in  th e  a sh  i s  p e rh a p s  th e  most i n t e r ­
e s t in g  (F ig s .  8 and 9)* These a re  sm all o b la te  s p h e ro id s  abou t 5 mm 
i n  d ia m e te r ,  w hich a re  c a l le d  a c c r e t io n a r y  l a p i l l i .  These a c c re ­
t io n a r y  l a p i l l i  a re  composed o f  a co re  o f  ash  su rrounded  by a h a rd , 
w h i te ,  n o n -c a lc a re o u s  c o a t in g ,  a p p ro x im a te ly  1 mm t h i c k .  The a sh  
sh a rd s  which form  th e  c o re , a re  a rra n g e d  so a s  to  su g g est a  concen­
t r i c  s t r u c t u r e  i n  th e  o u te r  edges o f  th e  c o re . The chem ical compo­
s i t i o n  o f  th e  a c c r e t io n a r y  l a p i l l i  d i f f e r s  from  t h a t  o f  th e  su r­
ro u n d in g  a s h , (T ab le  I I ) ,
W ith in  a g iv en  ash  b ed , th e  sp h e re s  a re  som etim es d i s t r i b u t e d  
in  a t h i n  zone a s  in  th e  lo w er bed a t  l o c a t io n  n o . 3 . In  a n o th e r  
in s ta n c e  th e y  a re  more o r  l e s s  s c a t t e r e d  th ro u g h o u t th e  whole bed , 
a s  i n  th e  m idd le  bed a t  l o c a t io n  n o . 3 . The a c c r e t io n a r y  l a p i l l i  
a r e  m ost abundan t a t  l o c a t io n  no . 3 in  th e  m iddle bed .
23.
MiLjOULA, MOII WEST BROADWAY
F ig u re  8 . A c c re tio n a ry  l a p i l l i  
removed from  a s h .
F ig u re  9 . A c c re tio n a ry  l a p i l l i  
in  p la c e .
24.
S im ila r  s t r u c t u r e s  have been d e s c r ib e d  by P e r r e t  (1913) from  
K ila u e a  and V e su v iu s , and a ls o  by P r a t t  (1916) from  T aa l V olcano in  
th e  P h i l l i p p i n e  I s l a n d s ,
W entw orth and V Jilliam s (1 932 , p . 37) s t a t e :
"They a re  due to  th e  s e g re g a t io n  o f  t u f f  p a r t i ­
c le s  by condensing  steam  and f a l l  t o  th e  e a r th  a s  
b a l l s  o f  s o f t  mud."
S te a m s  (1926) s u g g e s ts  t h a t  o c c a s io n a l ly  th e s e  can be form ed by
th e  r o l l i n g  o f  l a p i l l i  n u c le i  o v e r  a  f r e s h  a sh  s u r f a c e .  He a ls o
s u g g e s ts  t h a t  wind and r a in  a c t io n  on new ly f a l l e n  a sh  may cause
th e  a s h  t o  b a l l  u p .
Most p ro b a b ly  th e  a c c r e t io n a r y  l a p i l l i  in  th e  B i t t e r r o o t  V a lle y
a sh  were form ed by th e  a c c u m u la tio n  o f  th e  ash  on d ro p s o f  w a te r .
Being m o is t ,  th e  a c c r e t io n a r y  l a p i l l i  would te n d  t o  form  an o b la te
sp h e ro id  a f t e r  f a l l i n g  t o  e a r t h ,  r a t h e r  th a n  a t t a i n i n g  a p e r f e c t l y
form ed s p h e ro id a l  sh ap e . I t  i s  b e lie v e d  t h a t  t h e  h a rd , t h i n ,  w h ite
l a y e r  i s  due t o  l a t e r  a l t e r a t i o n .  The sp h e re s  a c te d  a s  p o in ts  o f
a c c u m u la tio n  f o r  any m a te r i a l  u n d erg o in g  a l t e r a t i o n  in  th e  a s h .
T h is  p ro b a b ly  a c c o u n ts  f o r  t h e i r  d i f f e r e n c e  in  co m p o sitio n  from  th e
r e s t  o f  th e  a s h .
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TABLE I I
C hem ical A n a ly s is  and In d ex  o f  R e f ra c t io n
L o c a tio n  No, P e r  Cent 
K^0±.2
P e r  Cent 
N a2 0 t.2
In d e x  o f  
R e f ra c t io n  
.002
T h ick n ess  o f  
Ash in  In c h e s
13 4 .3 2 .0
1 .5 0 0 -
1 .504 73
12 3 .7 1 .1
1 .4 9 4 -
1 .5 0 4 24
21H 3 .6 1 .2
1 .4 9 8 -
1 .5 0 4 49
22H 4 .2 1 .5
1 .4 9 4 -
1 .5 0 8 55
10 4 .3 1 .3
1 .5 0 0 -
1 .5 0 4 46
11 4*1 1 .9
1 .5 0 0 -
1 .5 0 8 30
4 .0 1 .5
1 .5 0 1 -
1 .505 11
3 (M iddle) 4 .2 1 .7
1 .4 9 8 -
1 .5 0 6 26
3 (Lower) 4 .5 1 .5
1 .4 9 8 -
1 .5 0 2 64
23H 4 .3 1 .5
1 .4 9 8 -
1 .5 0 8 13
4 3 .7 1 .5
1 .4 9 8 -
1 .5 0 2 25
5 3 .5 1 .3
1 .4 9 9 -
1 .503 26
2(U pper) 4 .9 1 .6
1 .4 9 9 -
1 .503 50
2 (Lower) 4 .8 1 .0
1 .5 0 0 -
1 .5 0 2 20
6 4 .9 1 .9
1 .5 0 1 -
1 .505 120
Ash c o n ta in in g
a c c r e t io n a r y
l a p i l l i 4 .2 1 .7
1 .4 9 8 -
1 .5 0 6
A c c re tio n a ry  
1a p i l l i 3 .5 .9
1 .5 0 3 -
1 .5 0 6
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M in e ra lo g ic a l  F e a tu re s
A p é tro g ra p h ie  s tu d y  o f  th e  o p t i c a l  p r o p e r t i e s  o f  th e  sh a rd s  and 
a s s o c ia te d  m in e ra ls  was made. Under c ro s se d  n i c o l s ,  th e  sh a rd s  o f  
v o lc a n ic  e j e c t a  rem ained  e x t i n c t  on com plete  r o t a t i o n  o f  th e  s ta g e ,  
show ing a  g l a s s  c o m p o s itio n . The in d ic e s  o f  th e  g la s s  were m easured , 
u s in g  m onochrom atic l i g h t .  (T ab le  I I )
Sm all d i s c r e t e  g r a in s  o f  m a g n e tite  o c c u r in  some o f  th e  s h a rd s .  
These t i n y ,  opaque in c lu s io n s  in  th e  sh a rd s  cause  them  to  have a 
smoky o r  d a rk  a p p ea ran ce  and in d e e d , i n  some in s ta n c e s ,  cause  
them  t o  be c o m p le te ly  opaque. The m a g n e tite  was i d e n t i f i e d  by 
X -ray  d i f f r a c t i o n  te c h n iq u e s .  The m a g n e tite  o c c u rs  in  th e  c o a rse  
a sh  zones o f  some o f  th e  d e p o s i t s .  I t  i s  p e rh a p s  most abundant in  
a c o a rse  a sh  zone in  t h e  m idd le  bed a t  l o c a t io n  n o , 3 , In  t h i s  2 
o r  3 in c h  zo n e , th e  m agne tic  p a r t i c l e s  c o n s t i t u t e  a p p ro x im a te ly  1 
p e r  c e n t (by  w e ig h t)  o f  th e  a sh ,
A few  o th e r  m in e ra l fra g m e n ts  can be re c o g n iz e d  in  th e  a s h .
Most o f  th e s e  frag m e n ts  a re  q u a r tz  o r  a p a t i t e ,  and a few g r a in s  
o f  f e l d s p a r .
Chem ical F e a tu re s
U sing  a  Perk  in -E lm e r flam e p h o to m e te r , th e  am ounts o f  p o t a s s i ­
um and sodium  were d e te rm in e d  t o  p lu s  o r  m inus 3 p e r  c e n t o f  th e  
amount p r e s e n t  (T ab le  I I ) .  The e le m e n ts  a r e  r e p o r te d  a s  th e  o x id es  
o f  p o ta s s iu m  and sodium . These sam ples w ere p re p a re d  by d i s s o lv ­
in g  a  o n e - h a l f  gram sam ple by h e a t in g  i t  in  h y d ro f lu o r ic  a c id  and
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p e r c h lo r i c  a c id .  The sam ple was d i lu t e d  t o  a known volum e, and a 
l i t h iu m  i n t e r n a l  s ta n d a rd  was added*
B io lo g ic a l  F e a tu re s
Four s p e c ie s  o f  f r e s h - w a te r  d ia to m s were i d e n t i f i e d  i n  th e  
a sh  b e d s . The p l a n t s  a re  m ost e a s i l y  s tu d ie d  by u s in g  l i g h t  from 
a sodium  lam p. They seem to  show up much b e t t e r  u n d er t h i s  
l i g h t  th a n  u n d e r w h ite  l i g h t .
The s p e c ie s  p r e s e n t  and t h e i r  r e l a t i v e  num bers a re  r e p o r te d .  
The te rm  "abundan t"  h e re  means ab o u t 20 o r  30 in d iv id u a l  d ia tom s 
p r e s e n t  i n  one o i l  im m ersion m ount. The o th e r  te rm s a re  r e l a t i v e  
t o  t h i s ,
M elos i r a  d i s t a n s  i s  th e  most common d ia to m , and Diatom a v u l -  
g a re  Bory i s  th e  n e x t most common. T e tr a c y c lu s  l a c u s t r i s  R a lf s  
and T e t r c y c lu s  r u p e s t r i s  (A. Br*) Grun a re  found in  th r e e  o f th e  
d e p o s i t s ,  (T ab le  I I I  and F ig s .  1 0 -1 2 ) . A ll  o f  th e s e  s p e c ie s  range 
from  M iocene t o  R ecen t.
SEDIMENTATION
The env ironm en t o f  d e p o s i t io n  o f  th e  a sh  i s  n o t im m ed ia te ly  
a p p a re n t  a s  ev id en ce  f o r  b o th  a  l a c u s t r i n e  env ironm ent and a 
s u b a e r i a l  en v ironm en t can be  p r e s e n te d .  The p re se n c e  o f  p a r a l -  
_ P e l  la y e r in g  (F ig .  15) in  th e  a s h , even though  th e  a sh  does n o t 
n e c e s s a r i l y  b re a k  p a r a l l e l  t o  t h i s  l a y e r in g ,  p lu s  th e  la c k  o f  
c ro s s  b e d d in g , su g g e s t a  subaqueous en v iro n m en t. The conform able
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TABLI-æi
O ccu rren ce  and R e la t iv e  Number o f  D iatom s
L o c a tio n
Number
Diatom a
v u la a re
Bory
M e lo s ira
d i s t a n s
T e tra c y c lu s
l a c u s t r i s
R a lf s
T e tra c y c lu s  
r u p e s t r i s  
( a . B r . ) Grun
13 Abundant Abundant S carce None
22H None Some None None
12 S carce None None None
21H Some Some None None
10 Abundant Some None None
11 S carce None None S carce
3 (u p p e r) S ca rc e S ca rce None None
3 (m id d le ) S ca rce None None None
3 (lo w e r) None S carce None None
23H Some Some None None
k Some Some None None
5 None Some None None
2 (u p p e r) None Some None None
2 (lo w e r) None Abundant S carce None
6 Abundant Some None None
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F ig u re  1 0 . x  240
M e lo s ira  d i s t a n s  from  
lo c a t io n  n o . 13 .
F ig u re  1 1 . x  240
D iatom a v u lg a re  Bory 
from  lo c a t io n  n o . 1 0 .
Figure 12 x  240
Tetracyclus la cu str is  
Ralfs from location  
no. 13 . Also fragment 
of Melosira distans
F ig u re  13* Wavey c o n ta c t  betw een c o a rse  and f in e - g r a in e d  a s h . Note 
a l s o  th e  j o i n t i n g .  L o c a tio n  n o . 3 (m idd le  b e d ) .
F ig u re  1 4 . C lo se -u p  o f  wavey c o n ta c t  i n  m iddle bed a t  lo c a t io n  n o . 3
3 1 .
F ig u re  1 5 . P a r a l l e l  l a y e r in g  i n  a s h ,  m idd le  bed a t  l o c a t io n  n o , 3
F ig u re  1 6 , "D ike" o f  c o a rse  a sh  i n  f i n e  a s h .  P ro b ab ly  caused  by 
burrow ing  a n im a l;  n o te  mound to  t h e  l e f t .
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n a tu r e  o f  th e  beds would a l s o  i n d ic a t e  c o n tin u o u s  d e p o s i t io n  in  
a body o f  w a te r .
The p re s e n c e  o f  s e v e r a l  s p e c ie s  o f  f r e s h  w a te r  d ia to m s s tro n g ­
l y  s u g g e s ts  a  subaqueous d e p o s i t io n ,  bu t i t  i s  p o s s ib le  t h a t  th e s e  
m in u te  p l a n t s  were f i l t e r e d  in to  th e  ash  a t  a l a t e r  t im e . As 
th e s e  d ia tom s a re  a b le  to  l i v e  in  se a s o n a l l a k e s ,  o r  even in  
d ra in a g e  d i t c h e s ,  t h e i r  p re se n c e  would n o t n e c e s s a r i l y  in d ic a te  
a  l a r g e  body o f  w a te r .
A p p a re n tly  t h e r e  was a tim e  la p s e  a f t e r  th e  d e p o s i t io n  o f  a 
3 o r  4 in c h  l a y e r  o f  f i n e  a sh  in  th e  m id d le  bed a t  lo c a t io n  n o . 3* 
F ig u re  13 shows a  wavey c o n ta c t  betw een th e  u n d e rly in g  f in e  ash  and 
th e  o v e r ly in g  c o a rse  a s h . T h is  seems to  in d ic a te  s u b a e r ia l  e ro ­
s io n .  F ig u re  16 shows t h i s  same f i n e  a sh  la y e r  w ith  a " d ik e ” , 
a p p ro x im a te ly  one in c h  i n  d ia m e te r , o f  th e  o v e r ly in g  c o a r s e r  
a sh  c u t t in g  i n to  i t .  T h is  i s  e x p la in e d  a s  an an im al burrow . To 
th e  l e f t  i s  a  mound o f f in e  ash  which has been b u i l t  by th e  a n i ­
mal w h ile  d ig g in g  th e  h o le .
C o n s id e r in g  th e  p ro p o sed  o r i g in  f o r  th e  a c c re t io n a r y  l a p i l l i  
a s  c o a le s c in g  in  th e  a i r ,  one m igh t e x p ec t th e  env ironm en t o f  
d e p o s i t io n  to  be s u b a e r i a l .  I f  a l a c u s t r i n e  env ironm ent p r e v a i le d ,  
th e  l a p i l l i  would p ro b a b ly  d is a g g re g a te  upon h i t t i n g  th e  w a te r , 
a l th o u g h  i t  i s  p o s s ib le  t h a t  th e y  m igh t renjai^n i n t a c t .
The v a r i a t i o n  in  th ic k n e s s  o f  th e  beds from  one lo c a t io n  to  
a n o th e r  i s  ev id en ce  f o r  a s u b a e r ia l  e n v iro n m en t.
3 3 .
AGE
D ouglas (1909) n o te d  th e  p a u c i ty  o f  v e r t e b r a te  and in v e r te b r a te  
f o s s i l s  i n  th e  T e r t i a r y  se d im e n ts  o f  th e  B i t t e r r o o t  V a lle y , bu t 
u s in g  l im i te d  e v id e n c e , he d a te d  th e  beds a s  M iocene.
K o n iz esk i (p e r s o n a l  com m unication) d a te d  a l l  th e  T e r t i a r y  
o u tc ro p s  i n  th e  s tu d y  a re a  a s  P lio c e n e  and m entioned  t h a t  a t  th e  
tim e  o f  D ouglas*s work v e ry  l i t t l e  was known abou t th e  in d e x  
f o s s i l s  o f  t h e  a r e a ,
ORIGIN
A r h y o l i t i c  c o m p o s itio n  f o r  th e  a sh  i s  in d ic a te d  on th e  b a s i s  
o f  in d e x  o f  r e f r a c t i o n ,  (G eorge, 1924) and sodium and p o tass iu m  
a n a ly s e s .  Any o f  th e  n e a rb y  T e r t i a r y  r h y o l i t i c  e x t r u s lv e s  co u ld  
be g e n e t i c a l l y  r e l a t e d  t o  th e  a s h .
N ear F lo re n c e  on th e  w est s id e  o f  th e  v a l l e y ,  an e x tr u s iv e  
f lo w  ro ck  c ro p s  o u t ,  w hich  c o n ta in s  b r e c c ia  composed o f  a n g u la r  
f ra g m e n ts  o f  p ro b a b ly  P re-C am brian  B e lt s e r i e s  se d im e n ts . T h is  
p ro b a b ly  i n d i c a t e s  t h a t  th e  v e n t f o r  th e  e x t r u s iv e s  m ust be n e a r ­
by .
Some frag m e n ts  o f th e  e x t r u s iv e  rock  were m e lted  w ith  an 
o x y a c e ty le n e  to r c h  to  fo rm  a g la s s  b e ad . The bead  was c ru sh ed  
and t h e  in d e x  o f  r e f r a c t i o n  ( 1 . 549j|r002) in d ic a te d  t h a t  th e  rock  
i s  a  r h y o l i t e  (G eorge , 1 9 2 4 ). However, th e  f a c t  t h a t  b o th  th e  
a sh  and th e  e x t r u s iv e  rock  have a r h y o l i t i c  c o m p o sitio n  i n d i ­
c a te s  l i t t l e  more th a n  th e  p o s s i b i l i t y  t h a t  th e  so u rce  o f  th e  ash
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was th e  same a s  t h a t  o f  th e  e x t r u s iv e s  a c ro s s  th e  v a l l e y .
P l o t t i n g  th e  in d e x  number o f  th e  a sh  from  T ab le  I  a g a in s t  th e  
d i s ta n c e  o f  t h e  a sh  from  th e  f r o n t  o f  th e  B i t t e r r o o t  Range, a 
s l i g h t  d e c re a s e  i n  g r a in  s iz e  away from  th e  m ountain  f r o n t  was 
o b se rv e d  ( F ig .  1 7 ) .
The d a ta  a re  by no means c o n c lu s iv e ,  b u t th e  r e l a t i o n s h ip s  
a r e  i n  a c c o rd  w ith  vAiat one would e x p e c t i f  th e  a sh  were d e r iv e d  
from  th e  w e s t.
S e v e ra l  o th e r  l a r g e r  m asses o f  T e r t i a r y  r h y o l i t e s  crop  ou t 
so u th  o f  H am ilton  a lo n g  U. S. h%iway 93 , and a round  S le ep in g  
C h ild  Hot S p r in g s . R h y o lite s  have a ls o  been  found around  th e  
v i l l a g e  o f S u la , w hich i s  ab o u t 30 m ile s  so u th  o f  H am ilton , A ll  
o f  th e s e  were mapped by L indg ren  (1 9 0 4 ).
I f  th e  a c c r e t io n a r y  l a p i l l i  were formed in  th e  a i r ,  th e n  th e  
so u rc e  o f  th e  a sh  must be c lo s e  a s  th e  l a p i l l i  would n o t  be formed 
f a r  away from  th e  so u rc e , A l o g i c a l  so u rce  would be t h a t  r e l a t e d  
t o  one o f  t h e  e x t r u s iv e  b o d ie s  o f  th e  F lo re n c e  a re a .
ATTEMPTED CORRELATION OF THE ASH BEDS
S in ce  a t  l e a s t  th r e e  d i f f e r e n t  beds a r e  p r e s e n t  in  th e  a r e a ,  
an a tte m p t was made to  c o r r e l a t e  th e  a sh  d e p o s i t s .  S e v e ra l t e c h ­
n iq u e s  were em ployed, b u t  none p roved  to  be s a t i s f a c t o r y  f o r  a 
p o s i t i v e  c o r r e l a t i o n .
"1
11O
u1 5
i r ' t ' -nc’' Vr y r  L i t t e r r ' ; i / i n “e Front In ! 11̂ -
-i;rf= I ” , . 1 -’t r i b u t  1 -'n o f  a o t  bv - r̂'l !e
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T h ic k n e ss
The th ic k n e s s e s  o f  th e  beds would seem t o  be a  l o g ic a l  c r i ­
t e r i o n  upon w hich t o  b a se  a  c o r r e l a t i o n .  P la te  1 g iv e s  th e  t h i c k ­
n e s s e s  o f  t h e  beds a t  th e  o u tc ro p  l o c a t i o n s .  C o r r e la t io n s  over 
s h o r t  d i s t a n c e s  a re  in d ic a te d  by t h i s  map. T hree beds w hich 
i n d ic a t e  a  c o r r e l a t i o n  on th e  b a s i s  o f  th ic k n e s s  a r e  th e  ones a t  
l o c a t i o n s  22H, 21H, and 10 . These lo c a t io n s  a re  w i th in  an a re a  
o f  1 m ile  by Ig  m i le s ,  and a  p o s i t iv e  c o r r e l a t io n  can be made 
w ith  some c o n f id e n c e .
U sing th ic k n e s s  a s  an i n d i c a t i o n ,  a  second p o s s ib le  c o r r e l a t io n  
cou ld  be made betw een lo c a t io n s  n o . 4 and n o . 5- T h is  would be 
a  c o r r e l a t i o n  o v e r  a d i s t a n c e  o f  about 1^ m ile s .
The b ed s c o n s is t  o f  a l t e r n a t i n g  l a y e r s  o f  c a a r s e ,  medium, and 
f in e  g ra in e d  a s h . T h ic k n ess  o f  in d iv id u a l  l a y e r s  v a r i e s  from  bed 
t o  b e d . P la te  2 g iv e s  th e  l i t h o l o g i e  d e s c r ip t io n  o f  th e  beds and 
i l l u s t r a t e s  t h e  v a r i a t i o n  o f  bed th ic k n e s s e s .
Two f a c t o r s  may a c c o u n t f o r  th e  d i f f e r i n g  th ic k n e s s e s  o f  th e  
a l t e r n a t i n g  l a y e r s .  F i r s t ,  i f  a  vo lcano  e je c te d  a  g r e a t e r  b u lk  
o f  m edium -gra ined  th a n  c o a r s e -g ra in e d  m a t e r i a l ,  th e  beds would be 
t h i c k e r  a t  th e  l o c a t io n s  where th e  m edium -grained  m a te r ia l  f e l l  t o  
e a r t h .  The c o a r s e -g ra in e d  m a te r i a l  would n o t have form ed a s  
t h i c k  a  bed even th o u g h  i t  was c lo s e r  t o  th e  so u rc e  a s  th e  b u lk  
o f  t h i s  g r a in  s i z e  would have been l e s s .  S in ce  th e  f in e - g r a in e d  
a sh  w ould have been c a r r i e d  th e  f a r t h e s t  and sp read  o v e r  th e
3 7 .
g r e a t e s t  a r e a ,  one would e x p ec t th e s e  l a y e r s  t o  be t h i n ,
A second f a c t o r  in f lu e n c in g  th e  th ic k n e s s  would be th e  p re ­
v a i l i n g  w ind d i r e c t i o n .  Ash beds a lo n g  th e  p r e v a i l in g  wind 
d i r e c t i o n  would have re c e iv e d  more a sh  th a n  th o se  in  a l e s s  fa v o r­
a b le  p o s i t i o n .  I f  th e  p r e v a i l in g  wind d i r e c t i o n  changed, th en  
th e  th ic k n e s s  o f  th e  l a y e r s  would a l s o  have changed,
A t h i r d  re a so n  f o r  uneven th ic k n e s s  o f  th e  beds o f  th e  same 
a sh  f a l l  co u ld  be th e  l o c a l  w inds a t  th e  tim e  o f  d e p o s i t io n .  At 
one p la c e  a clump o f  t r e e s  o r  a  h i l l  co u ld  have red u ced  th e  w ind 
v e lo c i t y  s u f f i c i e n t l y  enough to  cause  d e p o s i t io n  o f  a l l  o r  p a r t  
o f  t h e  suspended  lo a d  w h ile  a t  a n o th e r  p la c e  th e  w ind c o u ld  have 
m a in ta in e d  enough v e lo c i t y  t o  keep  t h e  a sh  i n  su sp e n s io n .
In d ex  o f  R e f ra c t io n
P re v io u s  w o rk e rs  w ith  v o lc a n ic  a sh  (S w in fo rd , F ry e , and L eo n ard , 
1955) have d i f f e r e n t i a t e d  betw een ash  f a l l s  by u s in g  th e  in d e x  o f  
r e f r a c t i o n  a s  one o f  th e  m ain c r i t e r i a .  The in d e x  o f  r e f r a c t i o n  
i n d i c a t e s  t h a t  th e  a sh  b eds f a l l  i n to  t h r e e  b road  g ro u p s (T ab le  IV ). 
These g ro u p s p ro b a b ly  p o in t  o u t a  c o r r e l a t io n  f o r  some o f  th e  
b e d s . The n a rro w  ran g e  f o r  th e  in d ic e s  (1 .4 9 4  to  1 .5 0 8 ^ 0 0 2 )  
p o in t s  o u t th e  need  f o r  a c c u ra te  o p t i c a l  w ork. P erh ap s i f  th e  
in d ic e s  w ere ta k e n  o f  one p a r t i c u l a r  s i z e  and one shape o f  sh a rd , 
and i f  t h e  in d e x  o f  th e  o i l s  were p e r i o d i c a l ly  checked , b e t t e r  
r e s u l t s  m igh t have been  o b ta in e d .
3Ô.
TABLE IV
C o r r e la t io n  Based on Range o f  In d ex  o f  R e f ra c tio n
1 .  500- 1 .5 0 4  1 .4 9 8 -1 .5 0 6  1 .4 9 4 -1 .5 0 6
±•002  ± .002  ±.002
l o c a t i o n  n o . l o c a t io n  n o . l o c a t io n  n o .
13 3 (m id d le ) 12
21H 23H 22H
10
3 (u p p e r)
3 (lo w e r)
4
5
2 (u p p e r)
2 (lo w e r)
6 
11
M inera logy
T here  i s  a  l im i t e d  number o f  m in e ra ls  i n  th e  a sh . Q u a rtz , 
a p a t i t e ,  m a g n e ti te ,  f e l d s p a r ,  and some m ica a re  p r e s e n t  in  m inor 
q u a n t i t i e s .  M ag n e tite  i s  abundan t enough to  in d ic a t e  a  p o s s ib le  
c o r r e l a t i o n  betw een b e d s . The b ed s a t  l o c a t io n s  n o . 1 0 , n o . 11 , 
n o , 22H, and n o . 3 (m idd le  bed) a l l  have c o n s id e ra b le  am ounts o f  
m a g n e tite  w hich i s  found  ab o u t 6 o r  8 in c h e s  from th e  b a se  o f  th e  
a s h . T h is  su g g e s te d  t h a t  th e s e  d e p o s i t s  m ight be c o r r e l a t i v e .
Some m a g n e ti te  i s  a ls o  s c a t t e r e d  th ro u g h o u t th e  lo w er and upper 
beds a t  l o c a t io n  n o . 3 .
One m ight i n t e r p r e t  th e  p re se n c e  o f  m a g n e ti te  t o  mean a c lo s e  
p ro x im ity  o f  th e  s o u rc e . As m a g n e tite  has a h ig h  s p e c i f i c  g r a v i t y ,  
one w ould ex p ec t i t  t o  f a l l  a  s h o r t  d i s ta n c e  from  th e  e ru p t io n .
T h is  may be c o r r e c t ,  b u t due  to  th e  d is s e m in a te d  n a tu re  o f  th e  
m a g n e t i te ,  th e  s p e c i f i c  g r a v i ty  o f  th e  a sh  frag m e n ts  i s  n o t  a s
39-
g r e a t  a s  i t  would be i f  t h e  w hole fragm en t was composed o f  m a g n e ti te .
D iatom s
L o c a tio n  n o . 13 has th e  g r e a t e s t  number o f  d ia to m s , and th r e e  
d i f f e r e n t  s p e c ie s  w ere i d e n t i f i e d  from  t h e r e .  L o c a tio n s  n o . 1 0 , 
no . 2 (lo w er b e d ) ,  and no . 6 a re  r e l a t i v e l y  abundan t in  a t  l e a s t  one 
d ia to m  g e n u s . The r e s t  o f  th e  lo c a t io n s  have a m odera te  num ber, 
o r  v e ry  few d ia to m s  p r e s e n t .
E ig h t o f  th e  lo c a t io n s  have b o th  Diatom a v u lg a re  Bory and Melo­
s i r a  d i s t a n s , w hich a re  th e  two most abundant d ia to m s. Seven lo c a ­
t i o n s  have e i t h e r  one o r  t h e  o th e r  o f  th e s e  two d ia tom s s p e c ie s  
p r e s e n t .  T e t r a c y c lu s  l a c u s t r i s  R a lf s  and T e tra c y c lu s  r u p e s t r i s  
( a . B r .)  Grun a re  s c a r c e .
U sing th e  d ia tom s p r e s e n t  and th e  r e l a t i v e  abundance" o f  each  
a s  c r i t e r i o n  f o r  c o r r e l a t i o n ,  th r e e  g ro u p in g s  can be  s e t  up .
(See T ab le  V ).
TABLE V
C o r r e la t io n  Based on R e la t iv e  Abundance o f  Diatoms
Abundant number Some Diatom a No Diatom a
o f  Diatom a v u lg a re  Bory and v u lg a re  B ory.
v u lg a re  B ory , M e lo s ira  d i s t a n s  Some M e lo s ira
Some M e lo s ira  lo c a t io n  n o , d i s t a n s .
d i s t a n s . 21H lo c a t io n  n o .
lo c a t io n  n o . 23H 22H
10 4 5
6 2 (u p p er)
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A s l i g h t  c o r r e l a t i o n  i s  i n d ic a te d  by t h e  g ro u p in g s , b u t th e  
c o n fid e n c e  o f  a c o r r e l a t i o n  b ased  on th e s e  d iv i s io n s  i s  q u i te  low . 
One o f  th e  r e a s o n s  why i t  i s  low i s  b ecau se  the  g ro u p in g s  a re  n o t  
p e r s i s t e n t  o v e r a  l a r g e  a r e a ,  A second re a so n  f o r  a  low c o n fid en ce
l e v e l  i s  t h a t  th e  number o f  d ia to m s p r e s e n t  i s  q u i te  low.
C hem ical C om position
The d a ta  o b ta in e d  from  th e  chem ical a n a ly s i s  showed s l i g h t  
d i f f e r e n c e  from  bed to  b ed , S w in fo rd , F ry e , and Landes (1955) ran  
a com plete  chem ical a n a ly s i s  on s e v e r a l  beds i n  K ansas, They 
found  a s  much v a r ia n c e  i n  co m p o sitio n  w ith in  a  s in g le  bed a s  was
found  betw een b eds in  th e  B i t t e r r o o t  V a lle y ,
The d a ta  ( s e e  T ab le  I I )  have been a r b i t r a r i l y  g rouped in to  
colum ns w hich m ight i n d ic a t e  c o r r e l a t i o n s  w ith in  each  column 
(S ee  T a b le s  VI and V I I ) ,  F ive  d e p o s i t s ,  n o . 22H, n o . 1 1 , no 23H, 
n o , 3 ( lo w e r b e d ) ,  and  no , 3 (u p p e r  bed ) have s i m i l a r  v a lu e s  f o r  th e  
p e r  c en t K2O, and a ls o  s i m i l a r  v a lu e s  f o r  Na2Û p r e s e n t .  S in ce  
th e s e  f i v e  beds have v a lu e s  w hich a re  c o n s i s t e n t l y  s im i la r  f o r  
a g iv e n  e le m e n t, a  c o r r e l a t i o n  i s  i n d ic a te d .  On th e  b a s i s  o f  60 
f e e t  o f  s t r a t i g r a p h i e  s e p a r a t io n ,  how ever, th e  lo w er and  u p p e r beds 
a t  l o c a t io n  n o . 3 a re  p roven  to  be n o n - c o r r e la t iv e .  T h is  th ro w s 
c o n s id e ra b le  d o u b t on th e  v a l i d i t y  o f  t h i s  te c h n iq u e  a s  a method 
o f  c o r r e l a t i o n .
A p p a re n tly  th e  co m p o s itio n  o f  th e  v o lc a n ic  m elt rock  rem ained 
ab o u t th e  same f o r  a t  l e a s t  two o f  th e  a sh  f a l l s ,  and p ro b a b ly  r e ­
m ained so f o r  a l l  o f  them .
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TABLE VI
C o r r e la t io n  Based on P e r  Cent K2O P re s e n t
3 .5 1  ± 2 ) ^  K^O 3 . 8 ( ± . 2 ) ^  K-,0 L .3 (  ± .2 ) %  K^O 4 .8 (  ± .2 ) ^  K.O
l o c a t io n  n o . 
5
l o c a t io n  n o . 
12 
21H
3 (u p p e r)
4
lo c a t io n  n o . 
13 
22H 
10 
11
3 (m id d le ) 
3 (lo w e r)  
23H
lo c a t io n  no . 
2 (u p p e r)
6
TABLE V II
C o r r e la t io n  Based on P e r  Cent Na2Û P re se n t
1 .2 (  j r . 2 ) ^  NaoO 1 .7 ( : t . .2 )%  Ha^O 2 .2 ( ± .2 )%  NaoO
l o c a t i o n  n o , 
12 
21H 
10 
5
lo c a t io n  n o , 
22H 
11
3 (u p p e r)
3 (m id d le ) 
3 (lo w er) 
23H 
4
2 (u p p e r)
6
l o c a t io n  n o , 
13
4 2 .
O th e r T echn iques
F iv e  te c h n iq u e s  o f  c o r r e l a t i o n  have been d is c u s se d  above, and 
two more a re  w o rth  m e n tio n in g , nam ely c o r r e l a t io n  by th e  shape o f  
s h a rd s ,  and  c o r r e l a t i o n  by e le v a t io n  o f  th e  b e d s . The f i r s t  
m ethod m en tioned  h a s  been  used  w ith  some su c c e ss  by S w in fo rd ,
F ry e , and L andes (1955) on K ansas a s h .
In  th e  B i t t e r r o o t  V a lle y  a s h , th e  d i f f e r e n t  ty p e s  o f  sh a rd s  
a r e  m ixed w i th in  a s in g le  b e d , and i f  any  c o r r e l a t io n  w ere t o  be 
made u s in g  th e  shapes o f  th e  s h a rd s ,  i t  would p ro b ab ly  r e q u i r e  a 
q u a n t i t a t i v e  s tu d y .
C o r r e la t io n  by t h e  e le v a t io n  o f  ex p o su res  in  th e  v a l l e y  i s  
q u e s t io n a b le  b ecau se  o f  t h e  sm a ll amount o f  v e r t i c a l  s e p a ra t io n  
betw een th e  b ed s  a t  l o c a t io n  n o . 3* Any s l i g h t  change i n  th e  
d i r e c t i o n  o r  amount o f  d ip  cou ld  in tro d u c e  enough e le v a t io n a l  
d i f f e r e n c e  t o  th ro w  o f f  a  c o r r e l a t i o n .  Any i r r e g u l a r i t y  o f  th e  
s u r f a c e  on to  w hich th e  a sh  f e l l  would a ls o  g r e a t ly  h in d e r  a  c o r -  
r e l a t i o n .
Summary o f  C o r r e la t io n
In  g e n e r a l ,  a l l  t h a t  can be s a id  f o r  th e  f i v e  te c h n iq u e s  
u sed  i s  t h a t  th e y  su g g e s t t h a t  some o f  th e  beds p ro b a b ly  a re  
c o r r e l a t i v e .  No p o s i t iv e  c o r r e l a t i o n  can be s e t  u p , how ever, 
a s  th e  c o r r e l a t i o n s  o b ta in e d  from  one te c h n iq u e  do n o t n e c e s s a r i l y  
c o rre sp o n d  to  t h e  c o r r e l a t io n s  in d ic a te d  by a n o th e r  te c h n iq u e . 
F o llo w in g  i s  an e v a lu a t io n  o f  th e  te c h n iq u e s  u se d .
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The th ic k n e s s  o f  t h e  beds d o es  n o t a p p e a r t o  be c o n s i s t e n t  f o r  
any one a sh  f a l l .  F a c to r s  o th e r  th a n  th e  t o t a l  volume o f  a sh  
e je c t e d  m ust accoun t f o r  th e  th ic k n e s s  o f  d e p o s i t s .  T h ick n ess  may 
in  some in s t a n c e s  o n ly  in d ic a t e  a p o s i t i v e  c o r r e l a t i o n ,  bu t a s  i t  
does n o t p rove  a p o s i t i v e  c o r r e l a t io n  i t  can n o t be u sed  to  prove 
t h a t  beds a r e  n o t  c o r r e l a t i v e .
The in d ic e s  o f  r e f r a c t i o n  a re  in d eed  c lo s e ,  b u t  th e y  p ro b a b ly  
a f f o r d  one o f  th e  m ost v a lu a b le  d a ta  f o r  a c o r r e l a t i o n .  S im ila r  
i n d ic e s  a r e  caused  by s im i la r  co m p o s itio n s  w hich may in d ic a t e  th e  
same a sh  f a l l .  A problem  a r i s e s ,  how ever, wh@i d i f f e r e n t  a sh  f a l l s  
have s im i l a r  c o m p o s itio n s , and h e n ce , s im i la r  in d ic e s .  C o rre la ­
t i o n s  by in d e x  o f  r e f r a c t i o n  have an ad v an tag e  in  t h a t  th e  in d ic e s  
a re  e a s i l y  d e te rm in e d .
C o r r e la t io n  based  on co m p o s itio n  t e l l s  one l i t t l e  more th a n  
c o r r e l a t i o n  based  on in d e x  o f  r e f r a c t i o n .  I t  i s  d o u b t f u l ,  t h e r e ­
f o r e ,  w h e th e r o r  n o t t h i s  m ethod i s  n e c e s s a ry .  Q u ite  a b i t  o f  
work must be done t o  d e te rm in e  th e  ch em ica l co m p o s itio n .
I f  th e  m in e ra l  assem blage  o f  an a s h  f a l l  i s  e x te n s iv e ,  th e n  
th e  m in e ra lo g y  i s  a v a lu a b le  t c o l  upon w hich to  b ase  a  c o r re ­
l a t i o n .  U n fo r tu n a te ly ,  abundan t m in e ra l  assem b lages a re  n o t 
a lw ays a t t e n d e n t  w ith  a sh  f a l l s .
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P e rh ap s  a  l e s s  common m ethod o f  a sh  c o r r e l a t io n  i s  th e  u se  o f  
p a le o n to lo g ic a l  c r i t e r i a ,  such a s  d ia to m s . Some c a u tio n  must be ob­
se rv e d  in  u s in g  th e s e  a s  th e  same a sh  f a l l  may have two co m p le te ly  
d i f f e r e n t  p o p u la t io n s  o f  d ia to m s due to  some f a c t o r  u n re la te d  to  
th e  n a tu re  o f  th e  a sh  f a l l ,  such a s  b io lo g ic a l  b a r r i e r s .
CLAY MINERALOGY
A v e ry  i n t e r e s t i n g  r e l a t i o n s h i p  was n o t ic e d  i n  an a tte m p t to  
c o r r e l a t e  th e  a s h  beds on th e  b a s i s  o f  an  X -ray  s tu d y  o f  th e  c la y  
m in e ra lo g y  o f  t h e  s i l t s  im m e d ia te ly  b e n ea th  th e  b e d s . I t  was hoped, 
a lth o u g h  n o t e x p e c te d , t h a t  a change in  th e  c la y  m in e ra lo g y  would 
be o b se rv ed  u n d e r a sh  beds o f  d i f f e r e n t  a sh  f a l l s .  T h is  change 
was n o t n o t ic e d .  I t  was o b se rv e d , how ever, t h a t  th e  m o n tm o rillo n ite  
c o n te n t  d e c re a se d  a s  i l l i t e  in c r e a s e d ,  and t h a t  th e  amount o f  
i l l i t e  was a  fu n c t io n  o f  th e  th ic k n e s s  o f  th e  o v e r ly in g  a s h .
L a b o ra to ry  T echn iques
The c l a y - s i z e  m a te r ia l  was o b ta in e d  f o r  X -ray  a n a ly s is  i n  th e  
fo llo w in g  m anner. A p p rox im ate ly  25 gram s o f  th e  sedim ent was 
d is a g g re g a te d  w ith  a m o r ta r  and p e s t l e  by g e n t ly  ta p p in g  sm all 
p o r t io n s  o f  th e  sam ple f o r  3 o r  4 m in u te s . The m a te r ia l  was th e n  
soaked  i n  w a te r  c o n ta in in g  IN s o lu t io n  o f  sodium m etaphosphate  f o r  
24 h o u rs .  The sodium  m etaphosphate  a c te d  a s  a p e p t iz in g  a g e n t and 
f u r t h e r  d is p e r s e d  th e  c l a y - s i z e  m a te r i a l .
A f te r  so a k in g , th e  sam ple was s t i r r e d  and a llo w e d  to  s e t t l e  f o r
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8 h o u rs  and  10 m in u te s . Using a  p i p e t ,  th e  to p  cm o f  th e  s o lu t io n  
and suspended  c la y s  were d e c a n te d . The c la y s  were th e n  c e n t r i ­
fuged  on to  a p o r c e la in  p l a t e  w hich was u sed  a s  a sam ple h o ld e r .  
(K in te r  and  Diamond, 1956)
Copper K a lp h a  r a d i a t i o n  w ith  a n ic k e l  f i l t e r  was used  to  
o b ta in  th e  X -ray  p a t t e r n s  w ith  w ere re c o rd ed  on a  Brown r e c o r d e r .
The sc an n in g  r a t e  was one d e g re e  tw o - th e ta  p e r  m in u te , and th e  
c h a r t  r a t e  was o n e -h a lf  in c h  p e r  m in u te . A N o re lco  X -ray  d i f f r a c t o ­
m e te r  was u se d .
R e la t iv e  am ounts o f  th e  c la y s  p r e s e n t ,  p lu s  o r  m inus 10 p e r  c e n t ,  
w ere d e te rm in e d  by com paring a re a s  u n d e r th e  peaks in  d i f f r a c t i o n  
p a t t e r n s  ( Jo h n s , G rim , and B ra d le y , 1 9 5 4 ).
R e s u l ts  o f  A n a ly s is
T hree d i f f e r e n t  a p p ro a ch e s  were made in  t h i s  s tu d y  to  d e te r ­
m ine th e  n a tu r e  o f  t h e  d e c re a s e  i n  i l l i t e  a s  a  fu n c t io n  o f  th e  
th ic k n e s s  o f  th e  o v e r ly in g  ash  bed .
F i r s t ,  a  s tu d y  was made o f  t h e  c la y  m in e ra lo g y  im m ed ia te ly  
b e n e a th  (w ith in  4 in c h e s  o f  th e  bed) 14 ash  b e d s , ra n g in g  in  
t h ic k n e s s  from  11 to  120 in c h e s .  T hree  c la y  m in e ra ls  (m o n tm o rill­
o n i t e ,  i l l i t e ,  and k a o l i n i t e )  w ere i d e n t i f i e d  i n  a l l  th e  se d im e n ts . 
The a v e ra g e  abundance o f  t h e  t h r e e  c la y  m in e ra ls  w as; m o n tm o rillo ­
n i t e  52 p e r  c e n t ,  i l l i t e  33 p e r  c e n t ,  k a o l i n i t e  15 p e r  c e n t .
An in c r e a s in g  r e l a t i o n s h i p  can be seen  betw een th e  amount o f 
i l l i t e  p r e s e n t  and th e  th ic k n e s s  o f  t h e  o v e rly in g  a sh  bed (F ig ,  1 8 ) ,
□  X
□  X
□ □
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X
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and a d e c re a s in g  r e l a t i o s h i p  can be o b se rv ed  betw een th e  amount o f  
m o n tm o r i llo n i te  p r e s e n t  and th e  th ic k n e s s  o f  th e  o v e r ly in g  a sh  bed 
(F ig .  1 9 ) .  No t r e n d  i s  a p p a re n t f o r  k a o l i n i t e .  (F ig .  2 0 ).
E x c lu d in g  two p o i n t s ,  w hich  a re  th o s e  marked by an "X" on th e  
f i g u r e s ,  th e  p lo t s  have c o r r e l a t io n  c o e f f i c i e n t s  a s  fo llo w s : in ­
c re a s e  i n  i l l i t e  .7 3 ,  d e c re a s e  in  m o n tm o r illo n ite  - . 9 0 ,  and k a o l i n i t e  
.4 2 . I f  th e  o th e r  two p o in ts  a re  c o n s id e re d  in  t h e  c a l c u l a t i o n s ,  
th e  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  l e s s  th a n  .1 .
S eco n d ly , a  s tu d y  was made o f  sam ples ta k e n  from  1 to  36 
in c h e s  from  a  s in g le  ash  bed  ( lo c a t io n  no . 3 ,  m iddle  b e d ) .
P lo t s  o f  th e  amount o f  i l l i t e  a g a in s t  th e  d is ta n c e  from  th e  
o v e r ly in g  a sh  bed i n d i c a t e s  an in c r e a s e  in  i l l i t e  w ith in  10 
in c h e s  o f  th e  a sh  bed . Sam ples f u r t h e r  away th a n  10 in c h e s ,  
how ever, show no in c r e a s e  i n  t h e  amount o f  i l l i t e  (F ig . 2 1 ) .
A d e c re a s in g  amount o f  m o n tm o r illo n ite  i s  in d ic a te d  w i th in  t h i s  
same d i s ta n c e  from th e  a sh  bed . (F ig .  22) No change in  th e  
amount o f  k a o l i n i t e  i s  o b se rv e d . ( F ig .  23)
A t h i r d  s tu d y  c o n s is te d  o f  d e te rm in in g  th e  amounts o f  c la y  
m in e ra ls  p r e s e n t  i n  70 f e e t  o f  s e c t io n  a t  l o c a t io n  3 . A ll th e  
sam ples were ta k e n  a t  l e a s t  10 f e e t  away from  th e  a sh  b e d s . The 
abundance o f  th e  c la y  m in e ra ls  p r e s e n t  in  the s e c t io n  was o b ta in e d  
by m easu ring  peak h e ig h ts  from  11 sam ples in  th e  s e c t io n ,  and 
d e te rm in in g  th e  mean. The abundance o f  th e  c la y  m in e ra ls  away from 
th e  a sh  beds a r e  l i s t e d  w ith  th e  mean v a lu e  f o r  a l l  th e  sam ples 
w i th in  4 in c h e s  o f  th e  a sh  beds i n  T ab le  V I I I .
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T ab le  V III  
Amounts o f  C lay M in e ra ls  P re s e n t
Mean Abundance o f  
C lay  M in e ra ls  a t  l e a s t  
10 f e e t  from  Ash Reds
I l l i t e  19%
M o n tm o r il lo n ite  63% 
K a o l in i t e  10%
Mean Abundance o f  
C lay  M in e ra ls  w ith in  
4 in c h e s  o f  O v erly in g  
Ash Beds
I l l i t e  33%
M o n tm o rillo n ite  52% 
K a o l in i te  15%
I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  amount o f  i l l i t e  p re s e n t  
in c r e a s e s  abou t 23 p e r  c e n t  w ith in  10 in c h e s  o f  th e  ash  bed a s  
shown i n  F ig u re  21 , and t h a t  t h e  m o n tm o r illo n ite  d e c re a s e s  ab o u t 
23 p e r  c en t w ith in  th e  same d i s ta n c e  a s  shown in  F ig u re  22. A lso , 
T ab le  V III  shows t h a t  th e  mean amount o f  i l l i t e  in c r e a s e s  14 p e r  
c e n t ,  and t h a t  th e  mean amount o f  m o n tm o r illo n ite  d e c re a s e s  11 
p e r  cen t im m ed ia te ly  b e n e a th  th e  a sh  b e d s .
E f f e c t s  o f KOH on Sam ples
I t  i s  im p o r ta n t to  d e te rm in e  w h e th e r th e  m o n tm o r illo n ite
p r e s e n t  i s  a m o n tm o r illo n ite  d e r iv e d  from  a m ica (m ica  »m ont-
r a o r i l lo n i t e )  o r  w h e th er i t  i s  one from  a v o lc a n ic  so u rce  (v o l­
c a n ic  a s h — ► m o n tm o rillo n ite ) . A te c h n iq u e  employed by Weaver 
(1956) w hich in v o lv e s  t r e a t i n g  th e  c la y s  w ith  KOH to  d e te rm in e  
th e  n a tu r e  o f  th e  e x c e ss  n e g a t iv e  charge  was u se d . The montmor­
i l l o n i t e  s d id  no t f i x  p o ta s s iu m  even u n d e r a v ig o ro u s  t r e a tm e n t ,  
i n d i c a t i n g  t h a t  t h e r e  was n o t a  l a r g e  r e s id u a l  charge  p r e s e n t ;  
hence  i t  was co n c lu d ed  t h a t  t h e  m o n tm o r illo n ite  was d e r iv e d  from
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v o lc a n ic  a s h .
Review o f  L i t e r a t u r e  on C lay M ineralogy
A b r i e f  rev iew  o f  th e  l i t e r a t u r e  w i l l  h e lp  a f f o r d  a mechanism 
f o r  th e  i l l i t e  fo rm a tio n . P a u lin g  (1930) i l l u s t r a t e d  th e  atom s in  
a m o lecu le  o f  p y r o p h y l l i t e  (m o n tm o r illo n ite )  and showed th e  sub­
s t i t u t i o n s  n e c e s s a ry  t o  c o n v e rt i t  to  m ica ( i l l i t e )  (F ig . 2 4 ).
P y r o p h y l l i t e S u b s t i t u t e  A1 f o r  2S i M uscovite
6 0 ”
+  +  +
40“+2(0H )
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4-Al+ + +
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4- 4- 4-
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F ig u re  24 . -  S u b s t i tu t io n  n e c e s s a ry  to  c o n v e rt p y r o p h y l l i te  
(m o n tm o r i l lo n i te )  to  m u sco v ite  ( i l l i t e )  (A f te r  P au lin g  1 9 3 0 ).
Page and B auer (1939) s t a t e  t h a t  a  m u s c o v ite - l ik e  m a te r ia l  i s  
form ed by t h e  f i x a t i o n  o f  p o ta s s iu m . They e x p la in  t h a t  th e  p o t a s s i ­
um f i x a t i o n  shou ld  be r e l a t e d  to  th e  io n ic  s iz e  o f  p o ta ss iu m  and
V
t h e  v o id s  i n  a s s o c ia te d  c la y  m in e r a ls .  The g r e a t e s t  amount o f  
p o ta s s iu m  f i x a t i o n  o c c u rs  in  s o i l s  w here m o n tm o r illo n ite  i s  th e  
dom inant c la y  m in e ra l .  M o n tm o rillo n ite  can expand p a r a l l e l  to  
th e  c r y s ta l lo g r a p h ic  d i r e c t i o n ,  and th e  amount o f  ex p an sio n  
depends upon th e  d e g re e  o f  h y d ra t io n .  The h y d ra t io n  o f  m ontm orillo -
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n i t e s  i s  a  r e v e r s i b l e  p r o c e s s ,  b u t i f  p o ta ss iu m  io n s  become a t ta c h e d  
to  t h e  b a s a l  p la n e ,  th e  s t r u c tu r e  w i l l  n o t expand.
The s iz e  o f  th e  p o ta s s iu m  io n  (2 .6A °) and th e  s iz e  o f  th e  v o id  
in  th e  b a s a l  p la n e  o f  th e  m o n tm o r illo n ite  l a y e r s  (2.8A®) a re  v e ry  
c lo s e  and t h e  p o ta s s iu m  io n  f i t s  v e ry  w e ll  in to  t h i s  v o id . Once 
th e  p o ta s s iu m  io n  a t t a i n s  t h i s  p o s i t i o n ,  i t  w i l l  be h e ld  v e ry  
t i g h t l y  and t h e  l a y e r s  w i l l  n o t expand much b ecau se  (a )  th e  p o s i­
t i v e  ch arg e  on t h e  p o ta s s iu m  i s  v e ry  c lo s e  to  th e  n e g a t iv e  charge  
i n  th e  m o n tm o r i llo n i te  s t r u c t u r e ,  and (b ) th e  c lo s e  p ack in g  o f  th e  
p o ta s s iu m  and s h e e ts  sh o u ld  a c t  to  p re v e n t them  from  s e p a r a t in g .
The ch a rg e  d e f ic ie n c y  i n  th e  m o n tm o rillo n ite  s t r u c tu r e  which 
i s  caused  by th e  s u b s t i t u t i o n  o f  AÏ*"*"tor s i ^ '^ ’i s  th e  main rea so n  
f o r  t h e  f i x a t i o n  o f  p o ta s s iu m . The p o ta ss iu m  io n  i s  f ix e d  in  th e  
s t r u c t u r e  e l e c t r o s t a t i c a l l y  b a la n c in g  th e  c r y s t a l .  As th e  p o tass iu m  
io n s  f i t  b e s t  on to p  o r  in  th e  v o id s  o f  th e  t e t r a h e d r a l  l a y e r ,  sub­
s t i t u t i o n s  in  t h i s  l a y e r  a re  most im p o r ta n t . The p o ta s s iu m  ion  i s  
abou t tw ic e  a s  f a r  from  th e  o c t r a h e d r a l  l a y e r ,  so  th e  charge  d e f i ­
c ie n c y  in tro d u c e d  by s u b s t i t u t i o n  in  t h a t  l a y e r  would have one- 
f o u r th  th e  e f f e c t  on t h e  p o ta s s iu m  io n  a s  an e q u iv a le n t  charge  
d e f ic ie n c y  in  th e  t e t r a h e d r a l  l a y e r .
M il lo t  (1942) ,  C a i l l e r e  and Henin (1 9 4 9 ), Wear and W hite ( I 9 5 l ) ,  
Grim and Johns (1 9 5 4 ) , Powers (1 9 5 4 ) , G r i f f in  and Ingram  (1 9 5 5 ), 
K e l le r  (1 9 5 6 ), and Grim (1958) have a l l  concluded  w ith  some r e s e r v a ­
t i o n  t h a t  th e  t r a n s fo rm a tio n  o f  m o n tm o r illo n ite  to  i l l i t e  by th e  
in t r o d u c t io n  o f  p o ta ss iu m  i s  p ro b a b ly  f e a s i b l e .  The same a l t e r a t i o n
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i s  p ro p o se d  f o r  some o f  th e  i l l i t e  fo rm a tio n  in  th e  B i t t e r r o o t  
V a l le y .
The m echanism  o f  p o ta s s iu m  f i x a t i o n  by m o n tm o rillo n ite  t o  form  
i l l i t e  h a s  n o t  been  s e r i o u s l y  c h a lle n g e d  u n t i l  r e c e n t ly .  The most 
s i g n i f i c a n t  p a p e r  a g a in s t  t h i s  mechanism a s  a g e n e ra l  p ro c e s s  was 
w r i t t e n  by W eaver (1 9 5 8 ) . He s t a t e s  t h a t  th e  fo rm a tio n  o f  i l l i t e  
from  a m ic a —^ m o n tm o r i l lo n i te  can happen q u i te  e a s i l y ,  bu t dou b ts
t h a t  th e  fo rm a tio n  o f  i l l i t e  from  a v o lc a n ic  a sh  ^ m o n tm o r il lo n ite
can e v e r  t a k e  p l a c e .
D isc u ss io n  o f  D ata
The d a ta  p re s e n te d  fo llo w  t h e  a fo re m en tio n e d  t r e n d s  in  a l l  
c a s e s  b u t tw o , nam ely lo c a t io n  n o . 1 0 , and  lo c a t io n  n o . 6 . Both 
o f  t h e s e  lo c a t io n s  have e x c e p t io n a l ly  l a r g e  am ounts o f  m on tm orillo^  
n i t e  and a l a r g e  amount o f  o rg a n ic  m a t te r .  I f  t h e  in c r e a s e  in  
i l l i t e  and th e  c o rre sp o n d in g  d e c re a se  in  m o n tm o r illo n ite  a re  due to  
th e  a l t e r a t i o n  o f  m o n tm o r illo n ite  to  i l l i t e ,  th e n  th e  o rg a n ic  
r a d i c a l s  p r e s e n t  m ight p re v e n t t h e  t r a n s fo r m a tio n .  The o rgan ic  
r a d i c a l s  can  s i t u a t e  th e m se lv e s  i n  th e  v o id s  o f  m o n tm o rillo n ite  
and p re v e n t th e  p o ta s s iu m  from  e n te r in g  th e  s t r u t u r e .
S e v e ra l  h y p o th e se s  m ight be su g g e s te d  f o r  th e  o r ig in  o f  th e  
i l l i t e .  I t  i s  p o s s ib le  t h a t  th e  in c r e a s e  in  i l l i t e  co u ld  be 
caused  by a f i l t e r i n g  a c t io n ,  w ash ing  th e  i l l i t e  down from  th e  
a sh  b e d s . In  a d d i t io n  to  th e  s h a rd s ,  t h e  a sh  d e p o s i t s  do c o n ta in  
sm a ll am orphous p a r t i c l e s ,  most o f  w hich a re  l a r g e r  th a n  c la y  s i z e .
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T h is  v e ry  f in e - g r a in e d  v o lc a n ic  e j e c t a  u n d o u b ted ly  has th e  same 
co m p o s itio n  a s  th e  s h a r d s ,  i . e  s i l i c a ,  a lu m in a , and p o ta s h .
B ecause o f  i t s  sm a ll g r a in  s i z e ,  th e  d u s t  would p ro b a b ly  decom­
po se  r e a d i l y .  Under th e  p ro p e r  p h y s ic a l  and chem ical c o n d i t io n s ,  
i t  would seem p ro b a b le  t h a t  i l l i t e  would form  from  t h i s  m a te r ia l .  
H ence, some o f  th e  i l l i t e  p r e s e n t  b e n ea th  th e  beds m ight have 
o r ig in a te d  d i r e c t l y  from  th e  v o lc a n ic  ash  b ed s.
T here a r e  p ro b le m s, how ever, w ith  t h i s  e x p la n a t io n .  F i r s t  
o f  a l l ,  t h e r e  i s  a lm o st no c la y  m in e ra l  p re s e n t  i n  th e  a sh  b e d s .
I f  t h e  fo rm a tio n  o f  i l l i t e  was ta k in g  p la c e ,  one would expec t i t  
t o  be found i n  th e  b e d s . S eco n d ly , th e  fo rm a tio n  o f  i l l i t e  in  
t h e  a sh  beds does n o t e x p la in  th e  d e c re a s e  in  m o n tm o r illo n ite .
I t  i s  t r u e  t h a t  an  i n f lu x  o f  i l l i t e  would d i ^ j u t e  th e  c la y  m a te r ia l  
so t h a t  th e  r e l a t i v e  amount o f  m o n tm o r illo n ite  would d e c re a s e . I f  
t h i s  were h a p p en in g , how ever, th e  amount o f  k a o l i n i t e  p re s e n t  shou ld  
show a s im i l a r  t r e n d .  The p l o t s  show t h i s  t r e n d  does n o t e x i s t ,
A second  h y p o th e s is  used  t o  e x p la in  th e s e  d a ta  su g g e s ts  t h a t  
th e  m o n tm o r i llo n i te  i s  b e in g  c o n v e r te d  to  i l l i t e .  T h is  a l t e r a ­
t i o n  c o u ld  ta k e  p la c e  w ith  th e  in t r o d u c t io n  o f  p o ta ss iu m  from  the 
o v e r ly in g  a sh  b e d s . T h ick  a sh  beds p ro v id in g  more p o ta ss iu m  would 
g iv e  r i s e  t o  a  g r e a t e r  p e rc e n ta g e  o f  i l l i t e  th a n  t h i n  a sh  b ed s .
T h is  r e l a t i o n s h i p  can be  seen  i n  F ig u re  18 ,
F u r th e r  e v id e n ce  f o r  t h e  a l t e r a t i o n  may be su p p o rte d  by th e  f a c t  
t h a t  th e  amount o f  i l l i t e  p re s e n t  in c r e a s e s  23 p e r  c e n t from  10 in c h e s  
away from  th e  a sh  bed , and t h a t  th e  amount o f  m o n tm o r illo n ite  p re s e n t
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d e c re a s e s  23 p e r  c en t w ith in  t h i s  d i s ta n c e .  The amount o f  i l l i t e  
p re s e n t  a t  th e  10 in c h  d e p th  was d e te rm in ed  by o b ta in in g  th e  mean 
o f  th e  f o u r  u n d e rly in g  sam p les . T h is  i n d ic a t e s  a 1 :1  r a t i o  a l t e r ­
a t i o n  o f  m o n tm o r i l lo n i te  t o  i l l i t e  w hich would be what one would 
e x p e c t .
More e v id en ce  f o r  t h e  a l t e r a t i o n  o f  m o n tm o r illo n ite  t o  i l l i t e  
i s  shown by T ab le  V I I I .  Comparing i^he am ounts o f  th e  c la y  m in e ra ls  
p r e s e n t  im m e d ia te ly  b e n e a th  th e  a sh  beds w ith  th e  am ounts p re s e n t  
away from  th e  a sh  b e d s , one can o b se rv e  a  d i f f e r e n c e  i n  t h e  c la y  
m in e ra lo g y . T h is  p ro v e s  t h a t  th e  a sh  beds have in f lu e n c e d  th e  c la y  
m in e ra lo g y .
One m echanism  p ro p o sed  f o r  th e  i l l i t e  fo rm a tio n  i s  sim ply  th e  
errplacem ent o f  a p o ta s s iu m  c a t io n  in  th e  v o id  p re s e n t  in  th e  b a s a l  
p la n e  o f  th e  s i l i c a  t e t r a h e d r o n s .  I t  i s  p roposed  t h a t  th e  a l t e r ­
a t i o n  to o k  p la c e  o v e r a  c o n s id e ra b le  p e r io d  o f  t im e .
A second  m echanism  f o r  th e  i l l i t e  fo rm a tio n  p ro p o ses  t h a t  some 
o f  th e  m o n tm o r illo n ite  i s  more o r  l e s s  a l t e r e d  to  an amorphous 
mass o f  s i l i c a  and a lu m in a . I t  i s  p roposed  t h a t  th e r e  i s  an e q u i­
l ib r iu m  c o n s ta n t  betw een th e  r e a c t io n  o f  m o n tm o r i l lo n i te ,  and th e  
am orphous m a t e r i a l .  An in c r e a s e  o f  p o ta ss iu m  i n  th e  sy stem , how­
e v e r ,  would cau se  some o f  th e  am orphous m a te r ia l  to  form  i l l i t e  
r a t h e r  th a n  m o n tm o r i l lo n i te . Hence, when th e  p o tass iu m  i s  added 
th e  system  would show an in c r e a s e  in  i l l i t e  and a d e c re a se  in  
m o n tm o r i l lo n i te ,
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I t  h as been shown t h a t  th e  m o n tm o r illo n ite  p re s e n t  i s  v o lc a n ic  
a s h — m o n tm o r i l lo n i te .  W eaver (1958) does n o t b e l ie v e  t h a t  th e  
p ro p o sed  a l t e r a t i o n  e v e r  t a k e s  p la c e  u n le s s  th e  m o n tm o rillo n ite  i s  
m ica— ** m o n tm o r i l lo n i te .  I t  i s  b e l ie v e d ,  how ever, t h a t  g iven  
enough tim e  v o lc a n ic  a sh —^  m o n tm o r illo n ite  can a l t e r  to  i l l i t e .
L ooking a t  th e  g e o lo g ic  r e c o r d ,  t h e r e  i s  f u r t h e r  ev id en ce  
t o  su p p o rt t h e  fo rm a tio n  o f  i l l i t e  from  non-m icaeous m a te r i a l .
In  se d im e n ta ry  ro c k s ,  t h e r e  i s  a g r e a t  abundance o f  i l l i t e .  The 
e ro s io n  o f  a l l  th e  ig n eo u s  ro c k s  which have been c a lc u la te d  a s  
b e in g  p r e s e n t ,  co u ld  n o t p roduce  enough m ica t o  accoun t f o r  th e  
i l l i t e .  I t  m ust th e n  be concluded  t h a t  i l l i t e  i s  form ed from  
v o lc a n ic  a s h — m o n tm o r illo n ite  a n d /o r  c o l l o i d a l  m a te r ia l .
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CONCLUSIONS
1 .  None o f  th e  te c h n iq u e s  d e s c r ib e d  a llo w  one to  c o r r e l a t e  th e  ash  
f a l l s  in  th e  B i t t e r r o o t  V a lle y .
2 .  T here  w ere a t  l e a s t  t h r e e  a sh  f a l l s  in  th e  a r e a .
3 . The volcanic eruptions were similar in chemical compositon and 
explosive nature.
4 .  The a sh  i s  p ro b a b ly  from  l o c a l  v o lc a n ic  a c t i v i t y .
5 . The a sh  h as  a l t e r e d  p a r t  o f  th e  u n d e rly in g  m o n tm o rillo n ite  to  
i l l i t e .
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